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This thesis shows the possibility of using com-
puter simulation in the selection of lift mix and in the
prediction of the associated performance parameters.
Information from field observation and interviews
in Hong Kong and from research-findings in other parts of
the world have provided adequate data to construct a simu-
lation model for a twentytorey)office building by com-
puter using Fortran language. In this model, lift mixes
are simulated. Constraints and optimisation techniques are
applied. A series of lift mixes which are very similar to
an actual case in Hong Kong is produced.
Following the successful development of the above
model, a generalised model has been constructed to simulate
a sixty storeoffice building. In addition, by using multi-
channel queuing theory, the average performance characteris-
tics of the lift mixes under steady state conditions have
been evaluated, enabling a lift designer to preduct accur-
ately the average performance of the particu ar lift mix
that has been chosen.
The author believes that the probability of the
extreme performance from a particular lift mix under tran-
sient state conditions could be analysed through application
of random techniques using Monte Carlo simulation. The
performance of a particular lift mix under various conditions
can thus be predicted in the near future.
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A necessary early design criteria for high rise
office buildings is the lift mix. The design mix must be
coordinated with the architect and the developer to insure
quality service to meet the particular needs of the building's
occupants and planned uses.
In Hong Kong the lift industry has typically made
such recommendations for design by either screening pre-
designed alternatives that are locally available or by refer-
ring the problem to its parent company engineering department
(Usually overseas) for resolution. The first method limits
the choice and quality of service to prior installation
designs and the availability of lift mix units. The second
method often results in extended delays with minimum atten-
tion given to particular local needs.
The writer hypothesizes that the currently employed
lift mix design method is not providing the required level of
alternatives for selection for high rise office buildings in
Hong Kona.
A second hypothesis is that the lift design mix
Could be more efficiently performed by local firms employing
mathematical decision-making techniques based on local demand
requirements.
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Research has shown that most mathematical modelling
for lift mixes are of a proprietary nature held by the world's
major foreign lift manufacturers as they operate on their
proprietary design of the lift control system. The availa-
bility of this literature is restricted and virtually
impossible to obtain in Hong Kong. A minimum amount has been
published in technical journals for fear of providing an
engineering or marketing advantage to the competition.
It is the writer's intent to develop a mathematical
model for lift design mix that will be available to the Hong
Kong lift industry. The model will be designed for high rise
office buildings in particular, but should be general enough
such that with minimum changes of the input parameters it
.could be adapted to other type buildings as well.
In order to provide an understanding of lift mix
requirements and their historical development, Chapter Two
reviews the types, uses and combinations of lift mixes from
ancient times to modern day applications. The third chapter
narrows the scope of lift mixes to the Hong Kong area descri-
bing several installations currently in operation and the
Problems encountered with these installations. A survey in
the form of observations and interviews was made to obtain
information with regard to queue lengths, waiting times,
service factors, and other technical problems associated with
the systems. This chapter establishes the need for the study
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and provide the basic parameters for the development of the
mathematical model in later chapters.
Chapter Four identifies an operational research
model using queuing theory, describing the general behavi-
ourial features of the queuing process in the lift system.
Chapter Five deals with the manual process for the
selection of a lift mix as a demonstration of hand simulation
illustrating the basic steps, data and criteria required to
analyse a lift mix problem.' Included in this chapter-is the
establishment of the traffic pattern and population, round
trip time analysis and criterion of quality of service.
Chapter Six introduces a first simulation model
based on a very simple program which lists all foreseeable
alternate choices available in the selection of an appropriate
lift mix. The model attempts to present a sensitivity analy-
sis and to optimize the lift mix utilization while being con-
strained by the parameters of number of lifts, carrying
capacity, speed of operation, handling capacity and intervals.
Some alternative choices are also presented.
Chapter Seven provides the generalised simulation
model employing the use of a computer simulation in the pre-
dication of average queue lengths, average waiting times for
service and other queuing characteristics. Included in this
chapter is a general and comprehensive review of the litera-
tures regarding lift mix design using advanced operational
4
reserach techniques in other parts of the world. This model
is designed to provide a solution to the current problems of
lift mix design in Hong Kong high rise office buildings but
with possible application to other structural installations
by changing a,.minimum number of input parameters.
The final chapter briefly describes the possible
methods of using Monte Carlo Techniques to simulate any
transient conditions by using simulation languages which
unfortunately must be left with other research workers. for
continuous exploration in this dynamic subject.
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CHAPTER TWO
HISTORICAL DEVELOPMENT OF THE LIFT MIX
Definition of Lift2.1
A lift is an engineering device for transporting
people or goods between floors or levels, as in buildings
and mines, by means of a moving car, platform or conveyor.
The Earliest corm of lifta2.2
In ancient China, farmers spent hours pedalling
machines that scooped up the water from the canal and poured
it into ditches running through the rice fields. The quantity
of water scooped was directly proportional to the capacity of
the water containers and the speed of scooping. The gradual
transition from the Chinese windlass, the rope tackles, the
capstan through simple form of workshop hoist or document
lift to the high speed computer controlled modern lift(1) is
an interesting history of development (2).
The largest pyramid, built in 2600B.C. which stands
over 500 feet high with building blocks weighing over 200,000
Pounds, and the great wall in China, must have employed some
form of hoist during construction.
(1) "Computer Controls Lifts" Electrical Times, July 18, 1974
(2) Paul Anderson, Tell Me About Elevators, (Otis Elevator
Company, 1975) Page 5-28
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2.3 Mechanical Lifts
In 1835, a steam driven lift called the "Teagle"
was used in an English factory for lifting freight. Teti
years later, Sir William Thompson developed the first hydrau-
lic lift(3). In 1850, a steam operated platform hoist for
freight service was introduced in America (4) and England(5).
Worm and gear drive and safety brakes were subsequently developed.
The first passenger lift was introduced on March 23,
1857 when a 1,000 pound 40 feet per minute lift powered by a
steam engine through a series of shafts and belts was installed
in a five storey building situated at Broadway and Broome
Streets in New York for the E.V. Haugwaut Company(6). Appa-
rently, little consideration had been given to the effect of
the capacity of the lift in persons or the total round trip
time otherwise the quality of service would have been much
better-
The recession in the later part of 1878 followed by
the closure of the Stock Market(7)(8) in September provided
for a development phase in the lift industry. Higher speed
lefts up to 600-800 feet per minute were economically developed
(3)
Paul Anderson, Tell Me About Elevators, Page 7
(4) Ibid, Page 7
(5) G.R. Strakosh, Vertical Transportation, (Wiley, 1967) Page
(6) Anderson, Tell Me About Elevators, Page 11
(7) Earnest Dale, Management-Theory & Practice, (McGrawhill,
1975),85-90
(8) Anderson, Tell Me About Elevators, Page 13
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on the steam engine model. In the following year, group
control for four hydraulic lifts was ordered for the 97-foot
(9)Boreel Building in New York City.
Development of Electric Lifts2.4
The modern electric lift was however founded in
1884 when William Barter Junior successfully invented an
electric lift operated by a constant current motor for a
building in Baltimore. In the following year, an electric
lift operated at a constant potential complete with shunt
motors and magnetic brakes was patented by S.S. Wheel. The
initial speed was at 100 feet per minute but before the end of
the last century speeds up to 400 feet perminute had been
successfully developed in the electric geared drive. With
further advancement in electrical machines, speeds up to
1,800 feet per minute had been installed throught the world
by Otis and other manufacturers and higher speeds are still
being developed and researched by manufacturers.
2.5 General Application of Lifts
The capacity of the lift was originally aesignea
to handle freight in terms of pounds weight or to carry
passengers in terms of persons or pounds allowing 150 pounds
per Passenger. Through the continuous development of the
lefts, various capacities had been made, ranging from the
smallest capacity to handle documents in an office building,
to handle foods or dishes in a restaurant in the form of
(9) Ibid
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dumbwaiters, to handle tourist attraction for observatory
lifts in hotels, to transport a patient in bed together with
the attending medical staff and apparatus in hospitals, and
to transport fighters, bombers or reconnaisance aeroplanes
between the open flight deck and the storage deck in an air-
craft carrier.
Lifts are also installed in waterways in various
parts of the world. Some outstanding examples(10) are the
118-foot lift lock at Nieder Firrow in East Germany, the
highest single lift lock installed in John Day Dam on the
Columbia River in United States of America, and the largest
lift in the world(h1) was completed in 1976 in Europe cons-
tructed by the Hamburg Waterways Authority, It is a twin ship
lift each capable of carrying a 12,000 tonship with a rise of
124 feet at Luneburg in West Germany. It was built in a canal
connecting the Mittelland Canal and the Elbe River, the
latter being at 199 feet below the former. Motor barges of
Europa class travelling from Mittelland Canal enter a new
waterway passing a standard lock south of Uelzen dropping 75
feet, then through a twin ship lift system at Luneburg drop-
Ping 124 feet before joining the Elbe River. It is expected
to carry four million tons of goods annually in one direction
with ten million tons in another direction. Economically, this is
the most significant lift in the world.




With the advancement in building technology, struc-
tural techniques and constructional methods together with the
continuous increase in the land premium in urban areas more
tall buildings have been built and hydraulic lifts have started
to lose their popularity. On the other hand, the advancement
in the traction motor technology has enabled higher speed
lifts to be developed. In addition, the advancement of the
automatic control industry has eliminated the need for un-
skilled operators. The development of transistor technology
and computer applications in the last two decades has enabled
development of more sophisticated control programs with com-
puter control possible. All this plus the awareness of the
application of operations research techniques in management
decision making process during selection of lifts has led the
lift industry into a dynamic technology filled with fascina-
tion and sophistication. Table (1) provides a chronological
sequence of a few lift installations in the historical develop-
ment Of the lift industry,
Table (1): Lift Installations in the Development of the
Lift Mixes
Year Height Lift Installations Remarks
feet store
1857
5 E.V. Haughwout & Co., First mechanical
N. Y. lift, 1,000 pounds,
40 f.p.m.
1866
St. James Hotel, N.Y. First lift in hotel
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Year Height Lift Installations Remarks
feet storey
187q W Boreel Bldg., N.Y. 4 hydraulic lifts,
group control
1885 10 Home Insurance Bldg., Steel frame
Chicago structure
1889 Demorest Blda.. N.Y. First electrical
lift, 100 f.p.m.
1903 182 Beaver Bldg., N.Y. Gearless traction
motor, 2500 pound
capacity, 500 g.p.m.
1906 612 41 Singer Bldg., N.Y.
1908 52700 Metro Lift
Insurance, N.Y.





Standard Oil Company 800 f.p.m. with
Bldg., N.Y. signal control
1929




1250 102 Empire State Bldg., 700 1200 f.p.m.
N. Y. lifts
1950
Atlantic Refining Group control
Bldg., Dallas, Texas without attendants
1966
100 Hancock Bldg.,Chicago 1600 f.p.m.
1970




1450 Sears Tower, Chicago
197L
1615 C.N. Tower, Toronto
1976
124 Luneburg Ship-lift, Two lifts each of
W. Germany 12000t on s
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Although there is a broad application of lifts,
the majority of them are installed in building types which
are the focus of the present investigation. As the lifts can
be designed and manufactured to cover a wide range of speed
and capacity, plus the fact that, the building planner can
divide the building into many zones in a high rise multi-
purpose building, the number of each type of lifts for a parti-
cular zone is therefore, widely variable.
The particular selection not only affects the cost
of a lift installation, thus directly affecting the total
project cost, but also involves the quality of lift service,
without mentioning its permanent structural effect on the
building. In addition, whilst under provision of lifts is a
source of disservice which is difficult and expensive to
regulate, over provision of lifts is a total waste of the
scarce resources, such as space and finance thus reducing the
rental revenue and increasing the recurrent costs..'
Among such a wide range of selection, there is a
certain criterion existing that the lift mix selected is the
Optimal solution from the information available and under




THE LIFT MIX IN HONG KONG
3.1 General Conditions and Standards
In Hong Kong, due to government's open policy for
free trade, government intervention on the lift mix does not
exist except for the sake of public safety in terms of genera:
requirements (12), special safety requirements(13),'in indus-
trial undertakings (14), for fireman's usage(15) and general
guideline for tropical applications (16). On the other hand,
as the lift market is open to world competition, principally
from various lift companies who are backed by their respec-
tive oversea parent companies, normal range of capacity and
speed in the lift mix are standardised according to the
industry's standard capacity and speed.
(12) Building (Lift) Regulations, Chapter 123, Section 38,
Bull-ding Ordinance Office, Public Works Department,
Government of Hong Kong: Government Printer, 1966.
(13) Building Regulations, Lifts & Escalators (Safety)
hap er 327, Building Ordinance Office, Public Works
Department, Government of Hong Kong: Government
Printer, April 1976.
(14) Factories & Industrial Undertakings (Goods Lifts)
Reguiations, Labour Department, overnmen of Hong
Kong: Government Printer, May 1976.
X15) Fireman's Lifts, Fire Prevention Bureau, Fire Services
Department, Government of Hong Kong.
X16) British Crown Agent Specification, No. 93, Crown Agent,
U.K.
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In this aspect, Standards and Code of Practice issued by the
British Standard Institution(17)(18)in the United Kingdom,
the Amalgamated Society of Engineers in U.S.A., the U.S. Stan-
dard of Bureau and the National Elevator Manufacturing
Industry Inc., N.Y.(19) are most influential.
As a result of the above standardisation in the
lift industry and despite the particular design feature,
trade secret, patent and inventions offered by the lift
manufacturers, the lift speed and capacity of the lift mix
in Hongkong have been able to maintain an uniformity in
Physical dimensions and production qualities. Therefore, once
a local lift planner had decided on a particular lift mix, he
is not committing his client to any particular make prior to
(20)procurement action.
To obtain the optimal utility from a particular
lift mix, the quality of material and workmanship of a parti-
cular installation during initial assembly on site and
(17) British Standard Specification No. 2655, British Standard
Institution. (Ten parts with various dates)
(18) British Standard, Code of Practice, 407, British Standard
Institution.
(19) Kermit Kraus, Installation Manual- Basic Field Practices
for Installation of Elevators & Escalators, (National
E eva o.r Manufacturing Industry Inc., N.Y., 1970)
H2O) The writer knows that from experience in his career
from the post of Assistant Engineer to Chief Building
Services Engineer in Public Works Department, Govern-
ment of Hong Kong.
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subsequent maintenance,are crucial factors(21). To ensure
the achievement of these conditions, lifts installed in
government buildings are governed by the specification issued
for each tender(22). Lifts installed by private developers
are governed by, the specifications issued by the consulting
engineer or architect.
As mentioned earlier, due to the scarcity of land
in the urban area and the high premium for land, developers
in Hongkong have been constructing buildings to the-maximum
height permissible under the Building Ordinance and under
the zoning plan issued by the Town Planning Office of the
Public Works Department, yet adhering to technical feasibility
and economic viability. As a result, most buildings in the
urban area are six floors or more. Although there is no
statutory requirement that buildings of a certain height must
be provided with lifts, developers have traditionally esta-
blished that all buildings over three floors are provided with
lifts. Lifts, therefore, have become one of the essential
services, like electrical, fire services and gas installations
in residential and commercial buildings. Obviously, in this
age of supersonic transport, it is out of place and time to
(21) Ibid
(22) General S ecification of Lifts and Escalators 1974,
Arciecural Office, Public Works epar men Govern-
ment of Hong Kong.
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build any buildings exceeding three storeys high without a
proper vertical transportation system.
3.2 Field Observations & Interviews
The writer has observed and surveyed a number of
lift installations with regard to the conditions of lift mix
in Hongkong. Buildings with good lift service are readily
advertised but one with a poor lift mix is seldom mentioned'
because identification of the building is liable to lead to
loss of customers, thus reducing the rental revenue. For
the lift contractor, he does not want publicity on any instal-
lation where the lift mix is under provided because this may
affect their credentials as a lift specialist. On the other
hand, neither does he want notoriety on any installation where
the lift mix is over provided because this may lead to alle-
gation for waste of owner's money.
With these limitations in mind, several buildings




i) rented to multi-use tenants
ii) used by a single owner
High rise luxurious residential estates like Woodland
Heights, Monte Rosa, Realty Garden, Swiss Garden and 3aguio
Villa are provided with three lifts per block, i.e. two front
lifts and a service lift at the back. In most cases, one of
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the two main passenger lifts is serving the odd number of
floors and the other lift is serving the even number of
floors. This arrangement not only reduce the probable number
of lift stops per trip, but also enables the lift to travel
at a longer non stop distance thus shortening the overall
round trip time. The lift speeds are below 350 feet per minute
so that the A.C. geared lifts are installed. The service lift
is usually designed with a finish to deal with rough handling
and can be stopped at every floor. Service lifts are some-
times not provided in the middle class residential buildings,
e.g. the Mei Fu Estate or Java Estate.
The lift mix in residential buildings has been well
established. Based on historical data, the local lift com-
panies had built up empirical solutions in the form of graphs
and tables(23) to assist in the determination of lift mix.
Even if a slightly slow speed lift was installed, the conse-
quence is not serious as users are usually patient enough to
tolerate a few seconds more or wait for another trip. However,
there are residential lifts in Hong Kong, inspite of the
appropriate lift mix being established, where the service was
'unacceptable due to inferior quality of materials and work-
manship, poor maintenance and the lack of engineering support
from the overseas parent company,-causing misuse and
(23) Sales catalogues currently issued by the lift companies,
e.g. Otis, G.E.C., Jardine, Hitachi, Mitubishi, Cheung
On, contain graphs or tables for selection.
17in some cases, vandalism by the impatient and dissatisfied
commuters, resulting in discharging the lift contractor.
Unfortunately, due to lack of response from the parent com-
pany of these lifts, the new lift maintenance contractor could
not properly and satisfactorily maintain these lifts either.
The agency of this particular brand of lift had subsequently
been changed, making legal action against the original lift
contractor and the overseas parent company who had no contra-
tual obligation with the owner of the lifts rather inconsequen-
tial. This state of affairs had happened in some low cost
housing estates and even in middle class residential blocks
resulting in a complete renewal of the lift installation 24).
After observing the lifts in residential buildings,
lifts in hotels(25) were also observed. During normal. traffic,
a queue was virtually non existent as in residential buildings
signifying that the provision tended to be generous. However,
during lunch peak, long queues were seen in lifts with restau-
rants on the upper floors signifying that little provision
had been allowed for such a surge in the demand of lift
service. Also, during arrival of patrons through the hotel's
transportation service, a queue usually formed, noting that
some lift passengers had to resign from the queue to wait
in the lounge and shopping area. The effect of this
X24) The owner of the building wants these buildings to be
anonymous but the facts are well known in the industry.
6-15) Mr. M.K. Lam, Lift Engineer Service Manager, Otis
Elevators Co. Ltd., Hongkong, private interview on
October 17, 1977.
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waiting on hotel business is beyond the scope of the current
study. The writer only intended to cover briefly this aspect
to appreciate the general problems in connection with the lift
service. To design a lift mix suitable for peak traffic and
balance traffic is really a compromise between the quality-of
service at the peak demand and the idling of lifts during
balance traffic.
The next group of lifts to be observed were those
in office buildings. Connaught Centre (26), Swire House, St.
George's Building(27), Peninsula Orient Building (28) 9
Central Building(29), Shell House(30), Heng Cheong Building(31)
and International Building(32), which were rented to various
tenants, were observed between 8.15-9.30 a.m. 'Generally
speaking, the serving rates of the lift were greater than
the arrival rate of the commuters resulting in the queue
length always less than the capacity of a lift. In a few
random cases, the queue length were larger than the capacity
(26) Personal observation on November 1, 1977
(27) Personal observation on November 7, 1977
(28) Personal observation on November 8, 1977
(29) Personal observation on November 8, 1977
(30) Personal observation on October 31, 1977
(31) Personal observation on November 22, 1977
(32) Personal observation on November 14, 1977
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of one lift but less than that for two lifts so that the
queue length disappeared when two lifts arrived at the same
time. This was because with multi-use tenants the commuters
voluntarily staggered their business hours, thus reducing
the up peak demand on the lift service. For about one third
of the cases, the lift car would wait to be filled to capa-
city before despatch or wait for the arrival of the next car
before despatch. There were certainly other control factors.
As*they were beyond the current scope, no further observa-
tion was carried out. A typical example was the despatch of
the lift car by the lift attendant operating the supervisory
control panel.
A similar pattern occurred during the down peak
around 5.30 in the afternoon. From the supervisory panel,
it could be seen that as soon as the lift car was filled to
capacity, the lift car would travel straight down to the ground
floor by-passing all the landing calls. Due to the voluntary
staggering effect, the situation was not worse than the
morning up peak, in fact, slightly better than the morning
peak because of the non-stop travel during the down peak at
full-load,
During balance conditions, the traffic was rather
easy in all these buildings except at International Building
where the Canadian Consulate and Immigration Department were
the organisations that constantly drew a large crowd of
customers from the public, creating long queues to their
20
occupying floors. Similar observations were carried out in
Murray Building(33) and West Wing of the Central Government
Offices(34) where due to the highly structured working hours,
long queues were seen between 8.30-8.50 a.m. During balance
traffic(35), a queue in the length of more than the capacity
of a lift was seldom seen, and could conclude that a queue
in the usual sense was non-existing.
The case was slightly different at Beaconsfield
House(36) where people were seen walking up the staircase
instead of waiting to form a queue. This was due to*the fact
that Beaconsfield House is not a very tall building whereby
young people could still walk up stairs without undue hard-
ship. This, on the other hand, really proved the under provi-
sion of lifts. The situation was even worse during up travel
at lunch hours when patrons tried to enter the building to
take lunch in one of the four canteens. After lunch, most
patrons elected to walk down the staircase rather than use
the lift service.
3.3
Interviews & General Comments
To further understand the lifts in Hongkong, in addi-
tion to observations on the lift performances that had been
(33) Personal observation on November 21, 1977
(34) Personal observation on November 21, 1977
(35) Mr. Y.C. Yau, Building Supervisor I, Architectural Office,
Public Works Department, Hongkong. Private telephone
discussion on October 18, 1977
1.56) Personal observation on November 15, 1977
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carried out in the buildings mentioned earlier in the paper,
interviews with personnel in the lift companies has also been
made. The conclusion was reached that, computerised simulation
on solution of lifts for buildings in Hongkong was not avai-
lable. For high rise commercial buildings, local architects
invariably would contact the lift companies during sketch plan
stage, giving the information on the projected population of
the building, number of floors, floor heights, etc. so that
the local lift companies can consult their parent companies
for a lift proposal which is usually the result of a computer
Simulation for lifts over 500 feet per minute. In fact, the
lift installations in the American International, Underwriter
Building was simulated in Japan during initial design stage(37)
Other lift companies such as General Electric Com-
pany of Hong Kong Ltd.(38) and Schindler Lifts (H.K.) Ltd.(39)
were consulted. From the discussions, it was learned (40)
that new office buildings in Hongkong are still in a great
(37) Mr. Than Loi Wing, Director, Ryoden Electric Engineering
Co. Ltd. (local agent for Mitsubishi lifts), private
discussion on November 15, 1977.
(38) Mr. Anthony Mak Kam Chuen, Sales Manager, Lift Contract
Division of G.E.C. (local agent for Express Lifts),
private discussion on November 15, 1977 as the Division
Head, Mr. N.P. Wong, was on leave and the Express
Regional Representative, Mr. T. Peace, was not in H.K.
(39) Mr. Joseph Ho, Manager, Schindler Lifts (H. K. Ltd.
private discussion on November 15, 1977.
(40) Ibid
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demand, The 60 storey Hopwell Centre will have 28 lifts
with speeds up to 1 400 feet per minute with acceleration
approaching 1 metre per second per second. Passengers
travelling with acceleration over 0.5 metre per second per
second would feel the effect of travel due to too sudden
change of altitude. Invariably, a passenger would -make an
automatic yawning at the end of the journey before he feels
comfortable in the ear. Also, lifts up to 1250 feet per
minute are quite common these days in Hongkong. The new
Alexandra House, New Windsor House are of this type. In'
existing buildings (41), owners started to improve the lift
Service by replacing existing lifts with higher speed units.
The lifts in Swire House had been replaced by 600 and 700
feet per minute for the high zone in the East Wing and West
Wing respectively. Even the low zones, where the lifts are
Operating respectively at 350 and 500 feet per minute, these
lifts seemed to be generously provided.
From the field study, it was found that in high rise
office buildings-
{a) lift capacities of less than 16 persons are seldom used.
(b) lift speedsless than 300 f, p m, are not used.
(c) lift intervals seldom below 25 seconds nor exceeding 65
seconds in the lower zones. 75 second intervals are
Possible in the high zones.
(41) Ibid
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(d) A minimum of two lifts is installed to provide for
a continuous lift service during routine maintenance
or breakdown.
With the above data, a model to analyse the lift
mix can therefore be built in the next chapter where beha-




MODEL BUILDING TO ANALYSE THE LIFT MIX
4.1 Identification of-Operations Research Models
As Patrick Rivett rightly said(42), "Many research
workers have formulated methods of classifying models." Whilst
the writer-is not ambitious enough to build his own model
and classify it into any category to analyse the lift mix,
the intention is to explore suitable existing operations
research model so as to hasten the understanding of the struc-
ture and to expedite the process of solving the problem of
lift mix. Harvey M. Wagner (43) indicated the use of the
waiting line models to analyse the lift mix. The writer
concurs that the waiting line model, or the queuing model as
some operations research workers called it, is adaptable to
the lift operation characteristics so well that the tempta-
tion to pursue the analysis of the lift mix in this direction
can hardly be rejected and is accordingly adopted.
(42) Patrick Rivett, Principles of Model Buildin, The Con-
struction of Models for Decision Analysis, (Wiley, 1972)
page 34-48
(43) Harvey M. Wagner, Principles of Operations Research,
With Applications to Manageria Decisions, (Prentice
Hall, July 1975) page 838.
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As the lift mix suitable for a single user office building
is suitable for multi user office building, a single user
highrise office building has been assumed in the model.
Figure 1 is a general model of a queuing process (44)
In a lift mix. Passengers arrive from some defined popula-
tion to require the lift service from one lift or a number
Of lifts, If a lift car can be entered immediately, the
Passenger enters the lift car, signals the destined floor,
the lift door closes and the lift car goes up to the destined
floor, The passenger is served and then departs. Otherwise,
the Passenger joins a queue to wait for the arrival of a
lift car, or aborts the queue.
Queue ystem
Queue &arrivingDulation Queue Service departing
Configu- Servicepassenger passengerration Facilit
Discipline
Figure 1 - A General Model of a Queuing Process
(44)
Frank S. Budwick, Richard Mojena and Thomas E. Vollwan,
Prlnci les of Operations Research for Management,
(Irwin, 1977) page 430-474.
26
In lift analysis in a high rise office building,
adequate research had been made that the up peak traffic is
predominantly the most severe condition in a day when every
employee wants to get into the building to do his daily work.
During normal balance traffic or down peak traffic, the
demand on the lift service is usually not.as great. As a
result, to analyse the adequacy of a particular lift mix,
if the morning up peak traffic can be satisfied, the lunch
Peak or the evening down peak can be comfortably handled.
4.2
General Behavioural Features of the Queuing
Process in a Lift System
From the field observation, variations in the treat-
ment of a queuing model for a lift mix can be described in
terms of five important features- (a) arrival process, (b)
queue configuration, (c) queue discipline, (d) service disci-
Pline and (e) service facility.
a) Arrival Process
The arrival process characterises the arrival of
Passengers into the lift system. Eight possible states
or arrival conditions exist:
i) The calling source can consist of single or multiple
Population.
ii) The calling source can consist of a finite or infinite
number of passengers. If an analysis of a continuous
lift service is required, the number of passengers
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arriving is infinite. If an analysis of the lift
service within a particular day, or a particular
traffic pattern, such as morning up peak, the number
of passengers is finite.
iii) Single or bulk arrivals can occur as the passengers
can arrive singly or in bulk. The latter represents
the arrival of passengers by tram, or by bus or even
the clearance of traffic at an adjacent zebra
crossing.
iv) Total,partial or no control of arrivals can be exer-
cised by the vertical transportation system. A
typical case is the direction given by a lift atten-
dant to a passenger to enter a particular lift before
despatch. In this thesis, such control is assumed
not available, though in practice, it exists in
quite a few buildings.
V) Passengers can arrive from a deterministic or proba-
bilistic generating process If total control is
exercised, the arrival process is deterministic if
the time between arrivals is a random variable, the
generating process is probabilistic.
Vi) The probabilistic arrival process can be described
by either an empirical or a theoretical probability
distribution. The Poisson model, for example is one
of the several theoretical distributions which are
widely used to describe arrival processes.
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The arrival process can be characterised by indepen-vii)
dent or conditional (dependent) arrivals. For
example, the traffic pattern during up peak period
is conditional whereas the traffic pattern during
balance traffic is independent.
A stationery arrival process may or may not exist.v±jj)
a usual assumption is a stationery arrival process
whereby the parameters and form of probability dis-
tribution which describes the arrival process remain
constant over time.
In this thesis, an arrival pattern following the
Poisson Distribution with an infinite queue was used
because all lift users arrive within a certain time
frame continuously, during the morning peak.
b) Queue Configuration
Queue configuration refers to the number of queues
in the lift system, their relationship to the number of
lift cars and spatial considerations. A single queue car
feed into a single lift or a bank of lifts. Multiple
queues typically align with an equal number of lift banks
serving different zones in a highrise building. In this
thesis, one queue per zone has been taken.
c) Queue Discipline
Queue discipline refers -to the behaviour of arriving
passengers both in the selection (or rejection) of a
waiting line and in the act of waiting.
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i) If a lift car is filled to capacity, -the arriving
passenger is rejected due to the actuation of an
overload alarm.
ii) If the arriving passengers' estimate of the waiting
time is intolerably large, the passenger might balk,
.just not join the queue or rather walk upstairs. Note
that this phenomenon is related to state- dependence
in the arrival process.
If the passenger does join the queue and subsequently
decides that additional waiting is hardly worthwhile,
then the passenger reneges or leaves the queue.
iv) In multiple queue systems, the possibility may or may
not exist for passengers to jockey between queues.
For example, a passenger may take a high zone lift to
travel to the lowest floor in the high zone and walk
down stairs to the destined floor and this behaviour
can hardly be controlled.
v) Selection of a queue from among multiple queues may
be done by a variety of decision rules, including
random selection and shortest expected waiting time
selection.
Passengers who do not balk, renege, jockey and non
randomly select from multiple queues are said to be patient.
Field surveys have indicated that impatience is initiated
when the interval between arrival of two lifts exceeds
30
70 seconds for low zone lifts and 75 seconds for high zone
lifts. This state of affairs happened in a building where
the round trip time of a lift exceeded 2 minutes, where there
were three lifts installed but one out of service. In another
building, the entrance is adjacent to a zebra crossing. As
soon as the zebra crossing was cleared for passenger traffic,
the passenger arrival rate was great enough to produce a
queue which would otherwise exist at a much shorter length.
Service Disci line
Service discipline refers to the policy established for
the lift service in selecting passengers for transportation.
i) Service in random order refers to some probabilistic
process which does not require anyone to keep track
of when passengers arrive at the queue, e.g. all
passengers may be waiting in the lift lobby without
forming a queue.
li) During entering and leaving the lift, first come first
served or first in first out is dictated by fairness
but seldom used in lift transport.
ll-) Last come first served or last in first out is pre-
dominantly.used in vertical transport whereby the
last passengers to enter the lift car are likely the
first to exit on their destined floor.
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iv) Priority service is a method of selection which
biases the selection process according to predefined
attributes. Operation of a key switch enables the
keyholder to control the lift, e.g. a managing
director of a single owner building may use a VIP
service, or a fireman may operate a fireman's switch
to control the lift. In this thesis, service in
random order was assumed.
d) Service Facility
i) The service facility in a lift system can have one or
multiple lifts, with or without attendant controls.
ii) Multiple lifts can have various mixes with regard to
speed, capacity, number, floor split and banking
depending on the selection of the lift mixes. It is
this aspect that is crucial to the lift service in a
highrise office building.
lli) The arriving pattern of the lifts can be deterministic
or probabilistic depending on the lift controls. Some
lift controls may decide that until one lift car is
nearly filled to capacity, the second lift car, even
if already arrived would not open the lift car door
to admit passengers. Alternatively, the lift car, if
not full, would not be despatched until the arrival
of the next lift car.
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iv) State-dependent service parameters refer to cases
where the mean, standard deviation, or other para-
meters of a service time distribution are affected
or changed by the state of the system. Pressing the
wrong floor button in the lift car is a typical
example.
v) Breakdown among lifts can also be considered. In
this thesis, a exponential service rate was taken
because field study indicated the sharp drop of
requirement for lift service at the end of the up
peak period.
4.3
Objective of the Model
The most important criterion at this point is the
difference between transient-state or steady state solutions.
In this thesis, steady state solution is the aim while a
method to study the transient state is given as an introduc-
tion to future research.
In most queuing problems, as Patrick Rivett pointed
out, there is no feedback which takes the results of pre-
dicted decisions and monitors them against the actual decision
by means of subsequently changing the level of the controllable
445) Rivett, Principles of Model Building, page 48
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variables. In this form of dichotomy the natural relation-
ships between the variables and the extent to which the feed-
back affects the total performance, as far as the quality of
lift service is concerned, is virtually impossible to establish
in mathematical representations. In practice, a feedback and
recording system (46) is practically installed in the control
Systems in all modern lifts, thus giving a better performance
on site than the lift engineer would predict in his theoretical
analysis. The tangible benefit as a result of the incorpora-
tion of a feedback and recording system unfortunately cannot
be quantified because due to the lack of feedback information.
As a result, the simulation on the lift mix to be
presented in the following chapters will ignore the effects of
transient conditions and the improved quality of service
achieved with a feedback control system for a particular lift
mix.
F 46). R.J. Bedford, Lift Traffic Recording Analysis.
GEC Journal, Vol. 32, No. 3, 1965.
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CHAPTER FIVE
HAND SIMULATION FOR THE ANALYSIS OF LIFT TRAFFIC
5.1 General Considerations: Traffic Pattern Population
During the initial design stage of a high rise
office building, an important information item is for the
owner to inform the lift planner about the general usage of
the building with regard to floor use, the nominal floor area,
the number of floors, the ceiling height per floor, the popu-
ration per floor, whether it is for single owner usage or and
multiple tenant usage. The building operating hour schedule
will provide a source for determining the traffic pattern in
terms of the morning up peak traffic, lunch peak traffic,
down peak traffic, balance traffic and night traffic. Infor-
mation regarding gatherings such as for meetings, confer-
ences, seminars, lectures, cinemas, restaurants and canteens
is also required so that inter-floor traffic can be accur-
ately assessed.
In the absence of any specific information, only
nominal figures can be used. In this respect, to assess the
passenger population, it is quite common to allow 100 square
feet floor area per person or 7.5-10 square metres per person,(47)
(47) Architectural Journal Metric Handbook, (The Architectural
Press, 2nd & Revised Edition), Section 9
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When an estimate is not available from the building owner.
Earlier field observation has shown that in a
multiple tenant high rise office building, the operating hours
are spread over a wider time. span as each tenant tends to
stagger the working hours voluntarily. In case of a single
user building, the amount of inter-floor traffic is more
intense and the operating hours for each floor only differ
marginally. Even some level of staggering is available, the
degree of staggering is less than that for the multiple tenant
buildings. This results in a heavier demand on peak traffics:
5.2
Lift Capacity- Contract Load
The carrying capacity of each lift for a particular
lift mix must be clearly specified during design stage. This
determines the principal dimensions of the lift well, lift pit,
headroom in the lift well and the lift machine room. The
Structural engineer must be informed of the tentative actions
and reactions together with stresses for tension and compres-
sion at strategic points so that adequate reinforcements can
be allowed for the installation of the lift hoisting machin-
eries, anchorage of the hoisting slings, guide rails for the
lift car and counterweight, fundations for buffers for lift
car and couterweight, anchorage of the reaction sheave for
tie down compensation ropes, anchorage of reaction sheave for
govenor tension ropes, etc.
Upon acceptance of a lift tender, the successful
tenderer, i.e. the lift contractor, is required to submit
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working drawings to the structural engineer so that the exact
structural requirement for a particular make of lift can be
met which is usually slightly different between lift manu-
facturErq_
As this thesis is concentrating on passenger traffic
in a highrise office building, only lift capacities relevant
to passenger lifts are considered. Passenger lift ratings
are usually based on 150 pounds or 75 kilogramme per person.
The above two figures can be misleading, Designers are there-
fore required specifically to put down the capacity rating 'in
either pounds or kilogrammes but not both to reduce confusion.
Passenger lifts are typically rated to accommodate, 6, 8,
10, 12, 16, 20, 24, 30 etc. passengers. In fact, this rating
can be in any number. *To enable a passenger lift to carry
goods as well, the capacity of a lift is usually given in
pounds/kilogrammes as well as in number of persons.
Experiment has shown that in a particular lift
installation to handle the necessary traffic demand, the
capacity must be carefully selected in connection with the
speed, zoning and number requirement. If the capacity of the
lift is small, a greater number of lifts is required and
accordingly more time will be spent in the opening and closing
Of lift doors. On the other hand, if the capacity of the lift
is large, the lift will spend too much time in waiting rather
than travelling during transfer of passengers between landing
and lift car. For a particular lift mix, there is probably
one capacity that can optimise the quality of service.
37In addition, the capacities of the lifts for a
particular lift group are usually made identical and that
the number of lifts is usually given in even numbers for
structural and architectural symmetry. The rule of thumb
criteria in the design of a lift mix is a minimum of two lifts
serving the same zone within a building for reasons of safety,
repair, maintenance and system reliability.
5.3 Lift Speed
The lift manufacturers have been experimenting with the
effect of lift speed and acceleration on passenger comfort.
Research in this direction is usually proprietary in nature
and invariably only applicable to the lifts with appropriate
controls. In United Kingdom, Express Lift has been developing
system control and equipment(48) for accelerations up to 7.5
feet per second per second. The elimination of the peak
Surges reduces rope traction requirements and minimises the
peak armature current that the motor and generator have to
commutate, so that standard lift machines can be better uti-
u sed. In this aspect, for a 1000 feet per minute lift, a
floor to floor time of 3.5 seconds can be attained with an
acceleration of only 5 feet per second per second(49).
(48) R.J. Bedford, "Lift Traffic Recording & Analysis", GEC
Journal, Vol. 33, No. 2, 1966
(49) S.T. Hunt, "Control of High Speed Lift", GEC Journal,
Vol. 32, No. 3, 1965
38
The effect of acceleration and retardation on human
body is worthy of further consideration. Physical discomfort
is caused by the movement of the internal organs against other
parts of the body. During acceleration downwards and retar-
dation upwards, the muscles of the viscera are party relieved
of their load and the resulting reaction of these muscles
tends to lift the viscernal mass against the pleura which
has not the resisting power of the bony pelvis and thus the
stress is transmitted upwards to the lungs and heart. For
this reason, a sudden acceleration down or a sudden retar-
dation up induces more discomfort than the reverse. A sudden
increase in acceleration up or retardation down will affect
the ankles of a stout person and the back of a thin person.
These effects are worse the more abrupt the change in velo-
city, particularly if the muscles are not trained to quick
response. Physical and mental preparedness will greatly
minimise the effects resulting in acceleration being much
more uncomfortable than retardation. This explains why a
lift car can be brought to rest much quicker than it can be
accelerated without causing serious discomfort.
To avoid discomfort, the rate of change of accel-
eration or retardation, i.e. d3s must be constant. Since the
dt3
acceleration must increase at a constant rate, the accelera-
ting force must also increase at a constant rate if upward
and decrease at a constant rate if downward.
Consequently, during the accelerating period, the
lift has to undergo three stages before the contract speed
39i8 attained:-
(a) From zero acceleration through an increasing
rate of acceleration to constant acceleration at the shortest
possible time.
(b) To maintain constant acceleration as long as
possible.
(c) At a decreasing rate of acceleration to zero
acceleration within the shortest possible time.
During the decelerating period, the rate of change
is also the same but in the reverse direction.
For slow speed lifts, it takes a very brief accel-
erating period to attain the contract speed the period of
constant acceleration does not exist. Conversely, it is
also true that it takes a very brief declerating period to
reduce the contract speed to zero speed and the period of
constant cb0e leration can be dispensed with. The periods for
constant acceleration and deceleration only have appreciable
Values on high speed lifts. The complete periods for accel-
eration and deceleration therefore deserve closer attention.
xowever, they are beyond the scope of this paper and should
therefore be left for the experts.
The sizing of the hoisting motor for a lift depends
on acceleration, contract load and speed. To maximise the
passenger comfort, acceleration or deceleration time should
be reduced as far as possible. To maximise the utility of
the lift machinery, the contract speed should be attained
for as long a period as possible.
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For various types of buildings and building heights,
the recommended lift speeds are show below(50):_
Speed Lift Travel
M/S




5 15 10 10
75 20 15






Round Trip Time Analysis
To study the round trip' time of a lift car, it is
necessary to know the behaviourof a lift car for each shortest
tr'iP• When a lift car arrives at a landing, the lift car
door and landing door open simultaneously, passengers are
unloaded, new passengers are loaded, the lift car door and
landing door close, the lift car is accelerated from stand-
still to full contract speed, travels at contract speed, is
(50) British Standard, CP407, 1972
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decelerated to standstill, right at the destined landing,
the lift car door and landing door open, the lift car is
ready to be unloaded and loaded with passengers. If no
further passengers are forthcoming, the lift car will con-
tinue its journey of upward/downward travel to the next stop.
Various lift manufacturers have their own
method of predicting the round trip time which is geared to
their proprietary control system. The Chartered Institution
of Building Services, formerly known as The Institution of
Heating and Ventilating Engineers(51) has studied this aspect
in a rather comprehensive manner. They consider that in a
lift traffic analysis it is most essential to find out how
many stops the lift has made in a single journey or return
Journey, especially during up peak or down peak traffic.
The probability for one passenger to land at any
floor is 1
floor
The probability for one passenger not to land at
1
any floor is 1
1:t E.ro r
The probability for any one passenger in a lift
gar loaded with (cap) passengers not to land at any floor
1 capis (1-
floor)
The probable number of floors with no passenger
1 cap
landing is Floor( 1
Floor
(51) B15, Vertical Transportation, (I.H.V.E. Guide 1970)
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Hence the probable number of floors with any number of
1
cap1
Passenger landing is Floor- floor
floor
Therefore, the probable number of stops per trip in a single
1 cap
direction is Floor- floor (1 floor
1
i. e. PROB= floor (1- (1
cap
floor
For balance traffic, the probable number of stops for a round
cap1
trip is 2 floor (1- (1 floor
When a lift car is filled to capacity at peak traf-
fic, the number of stops a lift makes is influenced by the
destination of the passengers. This is not difficult to
assess. Whilst it is impossible to predict how many stops
actually a lift will make in a round trip, statistics has
shown that according to average probability, the probable
nber of stops during any up peak or down peak operation
for a building with uniform population per floor for 'one trip
, floor 1, capis given by: PROB= floor (1-
floor
Where PROB= probable number of stops
floor= total number of floors served excluding the
homing floor, typically ground floor
cap= capacity of each lift in number of passengers
If the contract speed of the lift in metres per
second is SPEED, the total travel of the lift in metres is
VEL: the time required for the uptraffic in seconds is
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TUP: the time required for the downtraffic in seconds during
Up peak traffic is TDOWN; the time required for opening and
closing of doors in seconds is TDOOR; the time required for
transfer of passengers is TTRANS; the average time required
for a round trip in seconds is TRDT, then
TRAVELTUP = PROB PROB
SPEED
TDOWN = TRAVEL
assuming non stop during up peakSPEED
(DWIDTH)
TDOOR = 2(PROB + 1)
DSPEED
where DWIDTH = door width of lift in metres
DSPEED = door speed of lift in m/s
TRANS = 2 X CAP
TROT = TUP + TDOWN + TDOOR + TTRANS
5.5
Analysis of the Quality of Lift Service
Lift designers always recommend to the management
the lift speed, number of lifts, including the type of con-
trols to suit the particular application of a lift installa-
tionn,provided that,the criterion on the quality of service
had already been.defined and agreed. Some of the criteria
are shown below:-
a) The Interval (INTERV)
This is expressed in seconds and represents the
round trip time of one car divided by the number of cars
interconnected and is the time normally required for a
passenger to wait for the lift service at any floor
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floor at any period. According to BS CP407:1972, the
quality of service in a diversified office building is
classified as:-
Class of ServiceInterval (seconds)
30 and below Excellent
31- 45 Very good
45- 60 Satisfactory
60 and above Poor
For domestic flats, a longer interval up to 50% more is
tolerable. Theoretically, the average interval in seconds
INTERV) is equal to the average round trip time divided




The Handling Capacity (HC)
This is the percentage of passenger-population that
the lift installation can handle within a period of five
minutes. This figure varies between 10% and 25%. In
the lift industry, the lift mix is selected in such a
way that the population can be totally handled within 30
minutes. The handling capacity in five minutes is there-
fore 1/6, i.e. 16.6%. But in an actual situation, some.
employees are habitually arriving early, some employees
are habitually arriving late, some employees are absent
due to various reasons, such as sickness, or on leave.
These really reduce the number of passengers using the lift.
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On the other hand, if all the employees are arriving
within less than 30 minutes, the lift mix must be modi-
fied to give a greater handling capacity to avoid the
creation of a long waiting time. The latter case does
not exist in Hongkong from field studies and can there-
for be ignored, except for a specific building requirement.
Lift experts(52) recognises that 17% is satisfactory for
buildings with unified starting time and 12% for buildings
with staggered operating time. The number of round trips
300 (Sec)made in 5 minutes
TRDT Sec)
300
Number of passengers handled in 5 minutes NUMBER CAP
TRDT
The percentage of population handled in 5 minutes
300 X Number X CAP(HC)
TRDT X POP
Where POP= total population in persons the lift group
serves.
C Interval of Transfer
The efficiency of a lift service is measured by the
speed that passengers-can be transferred from one lift
lobby to the destined landing and is measured in seconds.
This is equal to the sum(53) of the waiting interval and
the service time in a lift car as summarised in next page.
(52) G.R. Strakosh, Vertical Transportation, (Wiley, 1967)
Page 196
%53) R.S. Phillips, Electric Lifts, (Pitman, 1966), Page13
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65 and above Poor
With more tall buildings nowadays, passengers tend
to tolerate a slightly higher interval of transfer per
trip without changing lift,
d) Empirical Number of Lifts
The quality of service in an office building may be
graded for general guidance(54), according to the following
number of lifts:
i) Excellent 1 lift for every 3 floors
ii) Average 1 lift for every 4 floors
iii) Fair 1 lift for every 5 floors
In practice, the quality of service is usually identified
in terms of handling capacity and interval. The lift
designer is therefore required to calculate the number of
lifts required for a particular mix. of lift capacity and
speed based on the criterion given for the quality of lift
service.
(54)
, British Standard CP407, 1972
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5.6 Shortening of Round Trip Time
A very common method to improve the quality of
service when the lift mix has been selected is to find ways.
and means to shorten the round trip time. This can be achieved
through the following steps:-
a) Reduce Door Operating Time
The lift door operating time can be reduced by
allowing adequate lead time for the lift door to open,
yet save enough for the passengers just before the final
stoppage of the lift so that by the time the lift is
finally stopped, the door is already fully opened.
b) Installation of a Full Load By-pass Circuit
Installation of a full load measuring device in the
lift car so that as soon as full load condition is attained,
the lift will immediately start the journey by-passing
the time for minimum waiting at the landing. In case of
down peak traffic, this by-pass circuit will enable the
lift car to by-pass all the landing calls and only to
answer the car calls.
c) Skipping Alternating Floors
Arrangement can be made during peak traffic to
improve the probable number of stops by skipping alterna-
ting floors thus reducing the round trip time. In apart-
ment buildings, skipping floors is a rather common prac-
tice in Hongkong as found from earlier field observation.
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The effect of skipping floors on landing capacity and
interval has also been included in the simple computer-
ised simulation model in the following chapter.
5.7 Hand Simulation
Earlier interviews and discussions with specialists
confirmed that at the present moment, when an enquiry for a
particular lift mix is received, if the proposed building
height and population were within the conventional range,
they have to search through the lift catalogues or technical
manuals in hand. Selection of a few lift mixes seldom pro-
duces a problem. From the lift mix, the quality of service
in terms of handling capacity and interval are assessed by
manual calculation which are submitted for client's agreement
and acceptance.
However, if the building height and population were
beyond the range mentioned above, selection of the lift mix
is based on experience, or by extrapolation. As there is a
great variety of possible combinations, the number of calcu-
lations is really very large. Invariably, interval and hand-
ling cpacity are assumed in order to work back to a lift mix.
The calculation is repetitive in nature and is not innovative.
The selection process for the lift mix is therefore very
tedious, monotonous, extremely inefficient and ineffective.
Very often, an important lift mix may be left out unnoticed.
From the lift industry's management point of view, such a
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simulation is hardly satisfactory. Recourse to overseas
assistance is therefore unavoidable greatly affecting the
morale of the staff. An innovative approach to analyse the
lift mix is therefore maturing.
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CHAPTER SIX
A SIMPLE PROGRAMMING MODEL TO
SIMULATE THE LIFT MIX
6.1 Sensitivity Analysis
With the aid of a computer, all the possible lift
mixes can be simulated and the handling capacity and intervals
calculated. A 20-storey office building with the following
system parameters has been selected as an example in the simple
programming model.
No. of Floors Served 20
3000Total Population in persons
Total Travel in metres 77
Lift Speeds in m/s 75 1.0 1.5 2.0 2.5
3.0 3.5 4.0 4.5 5.0
6'.0 7.0 8.0 9.0
Lift Capacity in persons 5 6 8 10 12 16 20 24
30 35 40 50 60 70 80
90
Number of Lifts 1 2 3 4 5 6 7 8 9 10
Door Width in metre : 1.0
Door Speed in m/s : 0.4
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It has proved that with the above constraints, it
has taken over 60 seconds to calculate all the possible lift
mixes even by computer. There are altogether 2240 solutions.
To find out the optimal lift mix out of the above 2240 simu-
lations by visual observation is unrealistic.
A second major output must therefore be sought to
analyse a particular constraint which is sensitive to better
quality of service. This procedure had been used effectively
in economic analysis(55) and has therefore been adopted in
this model.
6.2 xppilcuulon o constraints
To optimise the lift mix to within the design
criterion, constraints are applied to eliminate the unneces-
sari P .q
a) Constraint of Acceleration
From Newton's Law of Motion
U=Uo+at
S= Uot+ i at2
U2= Uo2+ gas
Where Uo:= initial speed in metres per second
U= final speed in metres per second
t= time lapsed in second
s= distance covered in metres
a= acceleration in metres per second per
second
(55) J. Walter Elliot, Economic Analysis for Management
Decision, (Irwin, 19 page 268-270
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The effect of acceleration on passengers had been
covered in earlier chapter and is therefore qualitatively
not repeated in this chapter. From field experience, it
has proved in Hongkong that value of 10% of g, the gravi-
tational deceleration had been adopted in certain company,
5 ft./sec./sec. had been used in certain buildings and
although 7.5 ft./sec/sec. had been tested in U.K. in this
analysis, a conservative figure of 0.95 g had been chosen.
b) Constraint of Lift Speed Capacity
For highrise office building, the hoisting machinery
must be suitable for the speed range. Direct current
variable voltage gearless drive is the practical choice(56)
Any lift speed below 2.0 m.p.s. will not be suitable for
the application and is accordingly excluded from the com-
puter programme.
Since the average travel in each lift trip is half
the highest lift travel which includes both acceleration
and deceleration, the maximum lift travel during the acce-
lerating period is therefore only one quarter of the total
lift travel.
(56) Please refer to Appendix I where some description
for lift machineries had been given.
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The maximum lift speed should therefore not to
exeeeu:
Umax= (2 a s)
(2 x (0.095 x 9.81) x TRAVEL /4)
0.6826 TRAVEL
The speed range should therefore be confined to 2.0 m.p.s.
and 0.6826 times the square root of travel.
To handle the population in a highrise building, use
of small capacity will require a large number of lifts as
mentioned earlier and is therefore economically not justi-
fied. To reduce the computer time, lift capacities less
than 16 persons were excluded.
c) Constraints of Interval
The quality of service in terms of interval which
indicates the time required in seconds for the average
arrival rate of a lift car but does not mean that a
passenger can be served as this depends on the queue
length at the time had been taken as between 25- 55
seconds. A crowded condition in the main lift lobby
during the hot summer months in Hongkong seldom encourages
passenger comfort. The programming model therefore
excludes any output with an interval outside the above
range.
d' Constraints of Handling Capacity
Academically, the pattern of passenger arrival
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characteristics can be exponential, Poisson or other
probabilistic functions. Actual passenger arrival
characteristics has been extensively covered in the
literature (57)(58).
As discussed earlier, the lift industry for an
office building recognises a peak arrival intensity
varying between 10% to 25%. From field observation in
Hongkong, single owner's office building, the arrival
intensity only peaks in 30 minutes and 60 minutes in
multiple tenant office buildings, a range between 12%-
15% had been selected so that any lift mixes outside the
range had been excluded from the computer output.
6.3 Optimisation Techniques
a) Skipping Alternating Floors
The performance of the lift installation, i.e. the
total round trip time can be improved by splitting the
lifts into two groups with one group to serve the even
number of floors and the other to serve the odd number
of floors. The population is equally divided among the
two groups. As the maximum travel in one group is less
than the other group by one floor which represents
(57) Strakosh, Vertical Transportation, page 56
(58) J.J. Browne & J.J. Kelly, "Simulation of Elevator System
for World's Tallest Building", Transportation Science 2
1968, page 35-56.
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less than 5% of the total travel, the maximum travel
has been taken the same in both cases. A set of lift mix
has therefore been made.
b) Optimisation of Lift Shaft Space
From the above constraints, the lift mixes had
already been confined to a limited number for manual
selection. However, an optimisation process can be
applied whereby only the lift mix which occupies the least
lift shaft space which is a function of the product
between the number of lift and the capacity of lift,
should be taken into consideration in view of the high
land premium and construction cost. The lift mixes had
therefore been further reduced.
C) Optimisation of Cost
Up to this stage, only lift mixes that occupy the
least lift shaft space yet within the constraints of
speed, interval and handling capacity have been retained.
Among these lift mixes, there is only a minimum lift
speed that fits the design criterion and for minimisa-
tion of cost, the lift mix with minimum speed is selected
by the model.
d} An Alternative Simulation- Zoning
An alternative simulation is splitting the building
into two zones, one to serve ground to 10th floor, the
other from 11th to 20th floor. The lift mixes for the
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high zone and the low zone are also listed for manual
selection.
e) A further Alternative Simulation- Floor Split
Yet a further alternative simulation is possible
by simulating unequal floors to each zone thus giving
the concept of floor split. The floor split con-
cept is rather difficult to generalise in the simple
programming model as it is dictated by personal pre-
ference or designer's choice. On the other hand, such
an idea can easily be simulated in a computer programme
and for ease of comparison, the lift mix had been
simulated for a particular floor split in order to
illustrate its effectiveness.
6.4 Computer Flow Chart Printout
A computer programme incorporating the above ideas
using Fortran language had been written into eight sections
which are listed in the output. The logic of the programme








FIGURE II: FLOW CHART
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FIGURE 11 : FLOW CHART FOR THE SIMPLE
PROGRAMMINGMODEL ( CONTINUED)
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6.5 Interpretation of Results
From the computer printout in Appendix III, a few
observations have been made:-
Section 1 : As the number of lifts is increased, the
interval is reduced and the handling capacity
increased. Increased speed and capacity pro-
vide similar outcomes. There is, however, a
special feature for speed. For a particular
number of lifts and capacity, the interval
drops and the handling capacity increase with
increasing speed. Further increase in lift
speed produced an opposite result greatly
highlighting the decreasing marginal return
of utility in speed.
Section 2 : The number of lift mixes has been substantially
reduced by the application of constraints.
6ection 3 • as Section 2
Section 4 : The number of lift mixes has been reduced to
an extent where a manual selection is feasible
by observation.
Section 5
The quality of service has been greatly improved
by skipping alternating floors. This intro-
duces the concept of banking with one bank of
lifts to serve the even number of floors and
another to serve the odd number of floors.
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Section 6
There are a few lift mixes in Section 5.
This section illustrates the possible selec-
tion of one particular lift mix based on the
following criteria:
i) most economical floor area
ii) most economical speed of lifts for (i)
Section 7 : This section illustrates the effect on lift
mixes hence their associated quality of ser-
vice by simplifying the building into two
zones, i.e. high zone and low zone.
Section 8 This section illustrates the effect of a floor
split on the performance, thus further con-
firming the scope of simulation on the lift
mix.
There is a similar building in Hongkong but the
lift mix is slightly different. Instead of three lifts in
each bank as provided in the model, four lifts have been
installed, clearly stressing the importance of continuity of
lift service which may otherwise have been severely impaired
due to weekly routine service or unforeseen breakdown.
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CHAPTER SEVEN
A GENERALISED BANKING MODEL FOR
SIMULATION OF THE LIFT MIX
7.1 Literature Research on Lift Mix Analysis
sine simple programming model in Chapter Six illus-
trates the capability of a computer in the optimisation of a
lift mix based on the design criteria with consideration in
minimum lift shaft space and optimisation of cost plus the
effect of floor split. However, in Hongkong, the height of
high rise office buildings is increasing with the increasing
premium of land and with the increasing scale of development.
Ten years ago, thirty storeys high was the limit. To-day, with
the confidence in the successful construction of the 52 storeys
Connaught Centre, office buildings in the region of 50 storeys
have become common place. The previous simple programming
model developed in the last chapter cannot cope with such a
Situation. Further development into this area is therefore
urgently required and the idea of banking deserves further
Study.
For a high rise building, lifts are divided into
groups called banks. Each bank serves a certain number of
floors called a service zone. Having loaded the passenger
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at the base floor, a lift does not stop until reaching the
lowest floor of the zone it serves. This part of the trip
is called the express run. In peak hours, a lift stops at
any floor within the zone according to car calls, loading and
unloading passengers. This part of the trip is called the
.local run.
In a large highrise building, there are lift groups
for express runs and lift groups for local runs. How to
determine the lift mix for express runs and local runs further
complicates the decision making process in designing a com-
plete lift system. Fortunately, such a decision must be
considered along with the utilisation of the building.
Generalisation is therefore not worthwhile.
The idea of banking is not new. William McGuinnes
and Benjamin Stein in their Electrical and Mechanical Equip-
ment for Building (59) had used hand simulation to solve
Single bank, two bank and multi-bank buildings. Computer
programmes using Fortran had been used by them as early as
1967 to list the cost of a lift installation together with
the net rentable area in square foot per lift for various
lift mixes with design criterion on minimum handling capacity
Set at 13% of population in five minutes, intervals set at a
range of 20-30 seconds and the size of each bank setting the
floor split. The programme indicated the least expensive
(59) William McGuinness Benjamin Stein, Electrical&
Mechanical Equipment for Building, (5th edition, 1971)Section 51
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System which would meet the design criteria. In the Far East,
Hitachi had also studied the elevator service using Digital
Computer(60)
Browne Kelly(61) during design of the lift instal-
lations for the New York's World Trade Centre had used a
simulation model. They predicted that in the future, simula-
tion will prove to be a powerful technique for the design of
new lift control system, the determination of vertical require-
ments for new buildings and the evaluation of the proposed
changes in existing lift system.
In Browne Kelly's model, both the local run and
express run (called shuttle service) had been simulated in 13
Programmes down to the seconds with output information on
Passenger's waiting time, travel time, queue length and hall
call durations. A special feature was the introduction of
two sky lobbies as interconnecting lobbies for the express
run and local run using escalators for connections.
Bruce A. Powell has devised an optimal banking
Policy(62) in which the maximum time-to fill all banks in a
building is minimised using recursive method in dynamic
\UU) Toshio Ochi,Koichi Kawatake, Isao Inuzuka Takeo Yuminaka
A Study of Waiting Line Problem With Elevator Service
Using Digital Computer Hitachi Review, Vol. 13, No. 6,
Page 14-22.
(6) Browne Kelly, Simulation of Elevator System for World's
Tallest Building
U62) B.A. Powell, Optimal Elevator Banking Under Heavy Up
Traffic Transportation Science 5, 1971, page 109-121.
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programming algorith with the maximum number of banks set at
a predetermined value. In 1975, Powell(63) has successfully
reduced the computer programme into Fortran language but
still using the dynamic programming algorithm. As a practical
lift engineer normally has little knowledge (64) in dynamic
programming techniques this model was hardly used in Hongkong.
As a result of the banking, the average round trip
time was required to be modified to cope with the situation.
Gayer Powell (65) had gone into the study of the variability
in the round trip time first with equal floor population and
then with unequal floor population with probability considera-
tions. The average round trip time therefore deserves further
consideration.
Bruce A. Powell(66) had found first in theory and
subsequently proved by sampling that as the bounds on running
time form a very narrow band, efforts to study up peak travel
Probabilistically, where jumps of different lengths are con-
sidered, is hardly worthwhile and the actual running time
(63) B.A. Powell, Elevator Banking for Highrise Building,"
Transportation Science 9, 1975, page 200-210.
C64) How a lift specialist is trained is shown in Aendix
(65) D.P. Gayer B.A. Powell, Variability in Round Trip Times
for an Elevator Car During Up Peak, Transportation
Science 5, 1971, page 169-179.
C66) B.A. Powell, Bounds for Simplifying Estimation Elevator
Running Time, Transportation Science 6, 1972, page 453-
455.
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contributes very little to the round trip time variability
during up peak. This simplifies the procedure to assess the
round trip time and enables the programme developed in pre-.
vious chapter be extended for use.
7.2
Banking Models for Lift Mix Analysis
The All Express Service Model 67)a)
In this model, one lift per floor was assumed. The
lift system appeared to be rather efficient because of
its ability to develop high speeds on uninterrupted trip
time and to maximise the carrying capacity on the loaded
leg of the journey, thus reducing the door cost to minimum.
This is not practical because no lift system is designed
to cope with peak traffic only, denying interfloor traffic
at normal usage. In addition, isolation of vibration and
noise from the lift machine room at each floor increases
the building cost. The optimal number of floor is about
400 for this model and is therefore not practical for
normal application in Hongkong.
b) The All Local Service Model
This model allows each lift to serve every floor.
The optimal building height is of course lower than the
all express service model. The round trip time is
(67) Solobodan Mitric, Elevator Systems for Tall Buildings
Part I II- Single Mode Elevator Systems", Transpor-
tation Science 9, 1975, page 54-73. 74-85.
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drastically increased due to the large number of floors
and poor utilisation of cruise speed. The lift shaft
runs from top to bottom floor of the building. The shaft
volume is therefore doubled when compared with the pre-
vious case. The optimal height for a building is 63 floors
(68)
This model is therefore usable at the• expense of a
large space for the lift shafts.
C) The Simple Banking Model
From the above two models, it is seen that if maxi-
misation of useful space in a building is the criteria,
there is no doubt that the all express service model is
the better choice because the all local service model is
inefficient in the use of floor space. In a simple banking
model, the number of floors are equally divided into zones,
i.e. all zones are of the same size. To achieve equal
quality of service, the banks of lifts are required to be
of various sizes. This may not be structurally acceptable.
On the other hand, equal quality of service can be assured
with different lift speeds. Lift planners in Hongkong
have been acting intelligently in this direction.
d) The Mixed Service Model
In a real situation like those at the New York World
Trade Centre, both local service and express service
including split express are available with sky lobbies
(68) Ibid
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as sweeteners for transfer. The optimal combination
must therefore be rested with the planners and developers
to decide and simulation be made on a specific basis so
that the quality of service can be predicted rather
accurately with a particular lift mix.
Based on researches in other parts of the world
together with the experience in the simple programming
model, a generalised banking model has been successfully
developed. The common feature in this model is that in.
order to reduce the travelling monotomy, an escalator
service is available to provide for the interfloor traffic
between the highest floor of one bank to the lowest floor
of the next bank.
In this model, a 60 storey building is simulated
with bankings set at 2, 3, 4, 5, 6 respectively. The con-
straints on speed, interval and handling capacity are
applied with some refinements and optimisation techniques
on the least lift shaft space and minimum speed are used
so that the optimal lift mix for each bank during each
method of banking is listed. In addition, more informa-
tion on the average queue length, average waiting time,
average number of passengers being served and the average
time passenger spent in the lift system is calculated.
In the later respect, the application of the queuing theory
is emphasised and is elaborated in the following para-
graphs.
68
As the study is concentrated during the up peak
traffic, a random arrival rate of passengers is assumed
to follow Poisson distribution which is a discrete pro-
bability distribution that predicts the number of passen-
gers arriving in a given time. It is similar to a normal
distribution(69) but is skewed to one side. The mean
arrival rate (MAR) is equal to the population in the bank
divided by the actual arriving time which is usually 45
minutes in case of a highrise building.
.The service time is that interval between the begin-
ning of service and its completion. The mean service rate
(U) is the number of passengers served per unit time while
the average service time (1/U) is the time required to
serve one passenger. Service time delivered is given by
an exponential distribution(70). The lift system is
therefore a multi channel infinite queue problem with
Poisson arrivals and exponential service queuing problem.
A study of the one line- multiple server (infinite
population model) presented by Joseph A. Panico(71) re-
vealed the mathematical treatment of the approach. Whilst
(69) G.C. Barney and S.M. dos Santos, Lift Traffic Analysis
Design and Control (Peter Peregrinus, 1977 page 46-
(70) R.J. Thierauf R.A. Gross, Decision Making Throu h
Operations Research, 1970, page 434-436
(71) Joseph A. Panico, Queuing Theory, A Study of Waiting
Lines for Business Economics and Science, (Prentice
Hall, page 64-81
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various formulae are available for calculating. the queue
and waiting time characteristics, correlation between
the formulae proposed by Panico and the similar formulae
offered by other operations research specialist provides
for a better confidence in applying the various formulae.
After careful comparison and synthesis, it was found that
the formulae used by Panico were in fact similar to those
presented by Theirauf and Grosse(72), Harvey M. Wagner(73)
Sasieni, Yaspan and Friedman(74) and Budnick, Mojena and
Vollmann(75). As a result, proof of the formulae are not
to be repeated in this thesis. The current task is there-
fore to correlate the lift parameters with the formulae
to be used.
(72) Thierauf & Grosse, "Decision Making Through Operations
Research", page 434-435
(73) Wagner, Principles of Operations Research, page 840-
875.
(74) Maurice Sasieni, Arthur Yaspan and Lawrence Friedman,
Operations Research: Methods & Problems, (wiley, 1959)
page. 125-150
,75) Budnick, Mojena & Vollmann, Principles of Operations
Research for Management, page 431-474
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The mean arrival rate
Population in the lift bank
(MAR)
45 mins. x 60 seconds
The mean service rate
Capacity of the lift in persons(U)










The number of service channels = number of lifts
S
The multichannel queues are composed of a number of
parallel lifts (S) where the state of the lift system
(n, number of passengers in the system at a certain
moment) can assume one of two values :
There is no queue because all arrivals are being
served (Sn) or a queue is formed because the service
demand by the arrivals is greater than the number of the
lifts, (n>S).
The first presents no problem, whereas the second
does. The probability of having no passengers in a multi-
channel system is given by"-
1PO
S - 1
1 1 USMAR n MAR s
n = 0 n S U US MARU
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The formula is applicable only if US>MAR.
If US<MAR the waiting lines increase in size indefinitely.
To calculate the value of P0, the denominator which con-
sists of two terms must be studied first. The first term
is calculated below
MAR
when n= O 1
n U





1 1n!-1 (U-MAR)n P3n= 3
U 1.2.








The above statements produced in the final value
of:
S- 1 1 (MAR n)SUM
n! U
n= 0
The second term was calculated by computer using the
following statements separated into two sections. The





D0 82 M= 1, S
82 FACTOR= M* FACTOR
The final value of FACTOR is equal to factorial S. The








- FACTOR' 1- Pr
P**S
FACTOR* (1-P7SJ
Therefore, PO= 1/(SUM+ P**S/(FACTOR*(1-P/S)))
For the general case of S lifts, the probability that an
arrival has to wait coincides with the probability that

















The average queue length is given by multiplying the above
equation by the ratio of MAR/(US- MAR).










The average number of passengers in the lift system
.average queue length+ the traffic intensity
Therefore, APS= AQL+ P
The average time a passenger spent in the lift system
average waiting time+ mean service rate
TRDTTherefore, ATP= AWT
CAP-I
7.3 Computer Printout of the Model
The output of the generalised banking model consists
of two 'sections as shown in Appendix IV:-
Section (1): To calculate and list all possible lift mixes
with constraints of handling capacity and interval.
Section (2): To select the lift mix for a lift bank based
on minimum number of lifts, minimum size, i.e. capacity, of*
lift and minimum lift speed.

























FIGURE III: FLOW CHART





These two sections can further be elaborated and
the headings in each column deserves priority treatment.
(a) Headings:-
Lift Bank: The figures in this column denote the number of
lift banks to be simulated in the system. Thus a figure of
2 denotes the division of the building into two banks.
Floor Served: This column contains the letterG which repre-
sents the ground floor usually the home landing of the lift
bank and is also the location for the main lift lobby and
the other two figures which denote the number of floors
served in the bank. Thus G-1-30 represent.., that this bank
Of lifts will serve 30 floors from 1st to 30th floor. G-31-
60 represent that this bank of lifts will serve 30 floors
from 31st floor through to 60th floor.
N0• of Lifts: This presents the number of lifts in the bank,
serving the floors stipulated.
Speed M/S: This represents the lift speed in metres per
Second in the bank for the floors served.
Capacity in Persons: This represents the passenger carrying
apacity in number of persons for each lift in the bank for
the floors served.
dandling Capacity: This represents the percentage of popu-
lation handled in five-minutes in the floors served within
the bank.
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Interval in Seconds: This represents the average time taken
for the arrival of next lift in the same bank.
Average Queue Length: This represents the average number of
persons in the bank waiting to be served.
Average Waiting Time: This represents the average time in
seconds an average passenger has to wait for the lift service.
Average Number in System: This represents the average number
of passengers waiting in a queue plus the number of passengers
being served in the lift cars.
Average Time Spent in System: This represents the sum of
the average waiting time and the mean service rate in the
lift system in seconds.
Probability PO: This represents the probability of having
no passengers in a multi bank lift system.
(b) Single Bank:-
As. mentioned in 7.2 (b), a lift bank for all local
service will involve uneconomical usage of shaft space and
is never installed in an actual situation. The possible
lift mixes for all local service in a single bank in this
model has therefore been excluded from the computer printout
(c) Section (1) has therefore been divided into five sub-
sections to denote that there are five banking arrangements
to be simulated.
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(i) Two Bank: This subsection denotes that the lift
system for the 60-storey office building is divided
into two banks with one bank serving from the ground
floor and the lower 30 floors whilst the other bank
serving the ground floor and the upper 30 floors. The
lift mixes and the associated performance characteris-
tics are listed for evaluation.
It is seen that within the constraints of handling
capacity and interval for the low zone the number of lifts
is between 5- 9 and there is a wide speed range in the lift
mix. The strange thing is the large capacity required and
is contrary to any lift practice in highrise office buildings
in Hongkong.
For the high zone, the number of lifts is consider-
ably more, still covering a wide range of speed, requiring
unusually large capacity lifts, i.e. 35-90 persons.
The maximum average queue length in a two bank
system is only 10 persons. The average waiting time never
exceeds 10 seconds. The average number of passengers in the
system ranges between 5- 19 persons. All these signify that
the passengers are not required to wait for more than one
lift. On the other hand, there is very low probability, i.e.
less than 3% chance to have no passengers in the lift system.
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(d) Three Banks :-
This subsection denotes that the lift system for
the 60-storey building is divided into three banks:
Low Zone: serving ground floor and the lower 20 floors.
Middle Zone: serving ground floor and the middle 20 floors,
High Zone: serving ground floor and the upper 20 floors.
The number of lifts has been reduced in the low
zone, i.e. from 3-5, but in the middle and high zones, there
is a large number to choose. The speed range is also very
wide. The capacity ranges from 24-60 persons.
The average queue length is still limited to 11
persons with average waiting time not exceeding 15 seconds.
The number of persons in the lift system has been slightly
increased and the average time spent in the system not
exceeding 23 seconds. The probability having no persons
waiting is also very low, showing that there is always a
small queue.
(e) Four Banks:-
All the lifts are spit into four banks each
serving 15 floors. It can be seen that the number of lifts
required becomes less, smaller capacity lifts can now be
installed. There is still a large range of speed to be
selected. Depending on the lift mixes, the performance
characteristics are improving showing a slightly longer queue,
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slightly longer average waiting time, slightly larger average
number of passengers in the lift system, and a slightly
longer average time spent in system. The probability of
having no passengers waiting also slightly increased.
(f) Five Banks:-
All the lifts are split into 5 banks each serving
12' floors. It can be seen that, for the first 12 floors, 3
lifts each with 16 persons are the solution admitting that
there is still a wide range of speed to be chosen. The per-
formance characteristics are slightly increased showing
still better utilisation of the lift mix.
Similar observations can be made for other lift
banks in the 5 bank arrangement.
(a) Six Ranks:-
It is definitely seen that the number of floors per
bank has become too few to be efficiently served. Lift
capacities down to 12 persons can be used. The performance
characteristics are further increased showing still operable
to within the design constraints of handling capacities and
intervals.
(h) From each of the above banking arrangements, there is a
wide range of lift mixes available that meet the design con-
straints yet give the acceptable average performance charac-
teristics. Unfortunately, we are still unable to make a
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recommendation on the lift mixes. An optimisation technique
tested successfully in Chapter Six must be adopted. This
leads to the selection of the lift mixes in Section (2).
(i) From Chapter Six, the criterion on minimum lift shaft
area, hence maximisation of usable floor area had been used.
The Section (2) of the computer programme therefore first
selects the lift mix within a bank of a particular banking
arrangement to give a minimum lift shaft area which is a
function of the product of the number of lifts and the.capa-
city. Among the lift mixes.thus selected, the minimum lift
speed is selected. The optimal lift mix in a bank of a
particular banking arrangement is therefore listed. So are
the other lift mixes for all the lift banks in all the
banking arrangements simulated.
From the Section (2) of the computer printout,
further solution of the lift mix by visual and manual selec-
tion is possible so as to suit the client's and designer's
asthetic or architectural presentations.
U) Indeed, if other optimisation criteria can be set,
further selection of lift mix for any banking arrangement
can be made by minor alteration to the computer programme.
In this respect, the writer intends to leave the matter to
future users of the computer programme for manipulation.
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CHAPTER EIGHT
MONTE CARLO SIMULATION OF THE LIFT MIX
8.1 Analysis of Transient States
The simulation of lift mixes has so far identified
the overall performance of each lift mix with regard to the
handling capacity, interval, identifying average queue length,
average waiting time, average time a passenger spends within
the lift system together with the probability of zero passen-
ger waiting for the lift service. These seem adequate infor-
mation to arrive at an optimal choice of a lift mix for a
particular multi storey commercial building in Hongkong.
The writer, however, considers that the above infor-
mation carrot identify the more critical and transient situa-
tion in a lift installation, i.e. the maximum queue length,
the maximum passenger waiting time and the maximum time a
passenger spent tin the lift system, etc. during the peak
demand for a particular lift mix. Further research has there-
fore been made in the application of simulation techniques
using random arrival pattern of passengers.
The idea of Monte Carlo simulation which is not new
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is the model the writer has in mind. The first and most res-
pectable origin of Monte Carlo simulation was. in the theory
of mathematical statistics after the formation of the Royal
Statistical Society in 1834(76). With the advent of the new
science of operations research added by the power of a modern
computer, a physical or mathematical model of the lift mix
can be constructed in such a way that the critical and tran-
sient features can be simulated in order to predict the per-




ICL offers a wide range of simulation aids for the
modellers. SLAM (Simulation Language for Analogue modelling),
ACSP (Analogue Computer Simulation Program), CSL (Control and
Simulation Language) are widely used. Simple simulation
languages are generally event or activity oriented. A broad
division is geographical, in that event oriented language
such as SIMSCRIPT and GPSS have. mainly been developed in
United States, and activity oriented languages such as CSL or
SIMON are developed in the United Kingdom and Europe.
(76) K.D. Toker, The Art of Simulation, (Hodder & Stoughton,
1975) page 1-4
(77) K.J. Goodare, "A Note of Elementary Simulation Methods",
presented at a joint meeting of the Institute of
Actuaries Student's Society and Royal Statistical
Society at Staple Inn, High Holborn, U.K. at 5.30 p.m.
on 8th December 1972
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At University of Birmingham, Dr. A.T. Clementson
has successfully developed an interactive simulation program,
using ECSL(78) (Extended Control and Simulation Language)
which is operable in ICL System 4, 1900 series computer.
The writer strongly believes that an activity dia-
gram can be constructed to simulate the following activities
a) The passenger activities such as arriving at the main
lift lobby, waiting for the lift car, boarding the lift
car, travelling inside the lift car, leaving the lift
car on destined floor, leaving. the lift lobby at the
destined floor.
b) The lift car activities such as waiting for passengers
absorbing passengers, travelling, discharging passengers,
etc.
c) Landing activities such as waiting for both passengers
and lifts, charging and discharging with passengers.
The passenger arrival pattern for lift installation
is taken as following the Poisson distribution as in earlier
chapter.
The next task is to present all the times taken in
Various activities in mathematical terms to simulate each
Operating cycle. The maximum queue length and maximum waiting
(78) A.T. Clementson, ECSL User Manual, University of
Birmingham. 1975
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time together with the probability of occuring after 50, 100
or 500. simulation runs can then be computed by the ECSL. As
such, a simulation approach is beyond the scope of the current
paper, the writer intends to leave the matter to be followed
up by interestPresearchers at a later date.
8.3 Latest Research in Lift Traffic Analysis and Control
In a related area, Barney-and Santos in Manchester,
England have put considerable effort into the detailed analy-
sis of the effects of different traffic supervisory control
systems on lift performance under various traffic conditions.
During their investigation(79), lift calculation packages
were developed. Also, computer aided system design(80) and
computer aided traffic analysis(81) using simulation tech-
piques have been materialised. The advent of time sharing
digital computers and graphic terminals have made it possible
for lift designers to obtain an extremely close contact with
the design parameters by means of conversational program tech-
pique (dialogue) and by means of many types of. graphical
presentation.
(79) G.C. Barney & S.M., Santos, Lift Traffic Anal sis Design
and Control, (Peter Peregrinus, 1977) page 73-75
(80) Ibid, page 152
(81) Ibid, page 202-211
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As the price of mini-computers continues to fall(82),
and with the advent of microprocessors, it is timely for lift
manufacturers to consider the extended use of computers for
the many advantages that have not been able to achieve before :
(i) Development of algorithms tailored to suit the
particular specifications
(ii) The possibility of on line parameter redefinition,
(iii) The ease of algorithm changes,
(iv) The assessment and logging of lift dynamics, per-
formance data and management information
By then, it can be seen that the quality of service for a
lift installation will further be improved after a lift mix
has been established.
8.4 CONCLUSION
This thesis has finally show m that a computer pro-
gram can be written to cover all alternative lift mixes that
are open to a lift designer for selection based on lift para-
meters available within a criteria of quality of service.
BY using queuing theory, the steady state conditions during
up peak traffic pattern can be simulated. Such a computer
Program certainly can be expanded or modified slightly to
analyse other traffic patterns such as down peak and balanced
traffic.
(82) ibid, page 140-147
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Whilst the design parameters can be obtained
through field survey, adequate literature is available
from operational research workers and lift designers in
other parts of the world to enable proper establishment
of any design criterion and programming concept.
It is hoped that research workers in the Chinese
University of Hong Kong or other parts of the world would
be induced to explore beyond the scope of this thesis to
cover the performance of a lift mix under transient state
conditions for the welfare of the lift industry all over
the world.
87APPENDIX I - LIFT MACHINERIES
UNDERSTANDING THE LIFT AS AN
INDUSTRIAL PRODUCT
9.1.0 Introduction
As this paper is not concentrated in the design
of any components in a lift installation, elaboration on
the detail construction of each component in a lift instal-
lation is not intended. On the other hand, due to the
limited availability of technical literature in lifts, a
brief description, in a few major components, adopted from
manufacturers' materials, may be useful for the layman to
appreciate a complete lift installation, indirectly arousing
the interest of the public, especially those with strong
academic interest in the subject. The major components
are described in the following paragraphs.
Hoisting Gear9.2.0
The hoisting gear in a lift installation provides
the necessary drive for the system. It is natural to try
to obtain the smoothest, most comfortable ride and optimum
floor levelling characteristics at the lowest cost. To
balance the above drive requirement against the speed of
the lift system at an optional cost-performance mix, the
lift industry has standardised in four basic types of
hoisting machineries.
9.2.1 Alternating Current Single Speed Dirve
Resistance is applied to a single speed three
phase squirrel cage induction motor to effect a smooth
start and reduce shock. Contract speed is attained through
a reduction gear. In stopping, a short stroke magnetic
brake is activated at a predetermined point of the travel
to bring the car to a positively controlled stop. It is
applied to lift speeds up to 30 metre per minute (100
f.p.m.) To increase landing accuracy, "inching" may be
added to the controller for goods lifts.
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9.2.2 Alternating Current Two speed Drive
The motive power is provided by a three phase
dual winding squirrel cage induction motor for low and
high speeds. The lift uses the high speed winding in
starting.and resistance is applied to minimise shock.
In stopping, conversion is made to the low speed winding
at some predetermined distance before floor level.
Automatic micro-levelling for accurate levelling with
variable and heavy load can be achieved. The car proceeds
at low speed to a point just before floor level, at which
point a magnetic brake is activated to bring the car to a
stop, aligned with the floor. This type of drive is
popular for medium speed lifts up to 45 and 60 m.p.m.
(150 and 200 f.p.m.)
9.2.3 Direct Current Variable Voltage Geared Drive
(a) For lift speeds exceeding 200 f.p.m. or
60 m.p.m. variable voltage drive is recommended. Smooth
departure with high, but gradual acceleration, a constant
running speed, shockless deceleration and stopping at the
exact level are the fundamental qualities of lifts operated
by direct current variable voltage motors.
(b) A motor generator set is required to
furnish direct current to the hoist motor. Since the
motor speed is usually too high for the traction sheave
reduction to contract speed through a worm and worm gear
assembly is indispensable up to about g0 m.p.m. (300 f.
P.m.) depending on the manufacturer's standard production
range.
(c) The control of speed is an essential element
to determine the high level quality of the geared traction
lifts with variable voltage drive. The speed of the lift
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during acceleration and deceleration is automatically
controlled by varying the short field strength of the
d.c. generator. Current feedback through the generator
field varies the voltage impressed on the d.c. hoisting
motor maintaining the lift speed at a substantially
constant value during normal running conditions. Based
on the most advanced criteria on automatic control
theory, the closed loop system using the Ward-Leonard
principle ensures an effective speed time programme
independent of any variations of external elements, i.e.
carloads, supply fluctuation, frequency, etc. The pro
gramme is selected automatically from time to time to
ensure comfortable and fast transportation of passengers
according to the distance the lift car has to travel.
Plug-in transistorised printed circuit cards with static
components provides an indefinite trouble free operation
of this well known synchro-glide speed regulation.
9.1.4 Direct Current Variable Voltage Gearless Drive
Gearless machines are recommended for lifts speed
exceeding 90 mpm (300 fpm). They are driven by a low speed
direct current motor of large frame size having the traction
sheave directly connected to the motor shaft. Two types
of controls are available employing (33) closed loops and
open loop control techniques respectively.
(I) Variable Voltage Synchro-Glide Employing
Direct Measuring Regulator
(a) The Direct Measuring Regulator is mounted
on the bearing housing at the commutating end of the
gearless machine and is the heart of the closed loop
control system by means of which the lift is constrainted
to follow a predetermined pattern that gives constant
values of acceleration and deceleration.
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(b) By continuously and instantaneously comparing
the lift speed and the pattern signal, the regulator
immediately detects any out of balance between the two
and applies the necessary correction. Comparison of the
two signals is carried out by the gravity balanced torque
arm which is the main element of the regulator.
(c) The regulator consists of a copper disc
which is directly coupled to the gearless machine shaft
by timing belts, runs in the air gap of a permanent
magnet attached to the upper end of the torque arm. This
action generates a force the the upper end of the arm
which is directly proportioned to the lift speed.
(d) An aluminium coil former attached to the
lower end of the torque arm carries windings for the input
pattern signal and moves within the air gap of a torque
motor-magnet system. The resulting force produced at this
end of the torque arm is proportional to the pattern
signal and is instantaneously compared with the lift speed.
(e) Any out of balance between the two forces
will cause the arm to deflect and activate a contact
arrangement that gives precise, control of the generator
excitation bringing the lift speed to its required value.
(f) Accelerating pattern. The criterion of
the accelerating pattern is constant acceleration which
should be as high as possible consistent with passenger
comfort. If the acceleration is maintained at a constant
value the machine attains its running speed in the shortest
possible time and the harmful peak surges on the machine
are eliminated. The accelerator is a solid state device
mounted on a single printed circuit board with potentiometer
adjustment to produce the required accelerating pattern.
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This pattern is achieved by controlling the firing of
two thyristors connected back to back. Pulses for firing
the thyristors are derived from a transistor controled
pulse transformer and are synchronised with the voltage
across the thyristor. The rate of acceleration is con-
trolled by simple potentiometer adjustment.
(g) Constant Speed
At the end of the each accelerating cycle
the thyristors remain fully conductive and no longer
control the pattern. The pattern current controlling
the lift speed is limited by potentiometer adjustment.
On short journeys where contract speed cannot be attained,
the accelerating pattern merges into the slowdown pattern
to produce an operating cycle having no constant speed
component.
h) RI nwnwn PA+.+r=,rn
The pattern signed for slowdown from
contract speed to a point 10 inches or 250 mm from floor
level is controlled by a transducer mounted on the electro-
mechanical floor selector which consists of two carriages
to reproduce the travel of lift car at a scale of 1/96.
This unit is mounted in the controller cabinet and each
carriage runs on a vertical rail to which is clamped a
series of floor contact units, each of which carries a
floor stop projection.
The selector carriages have two componends,
the synchronous carriage which moves in synchronism with
the lift car, and the advanced carriage which is initially
driven to an advanced position with respect to the
synchronous carriage, the distance of advance corresponds
to the top speed of the lift.
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When starting is initiated for a journey
that will permit travel at top speed the advance carriage
is driven ahead of the synchronous component until it
engages a stop on the latter when both elements will then
move together. When the car reaches commencement of
slowdown the advance carriage is arrested by a mechanical
floor stop while the synchronous carriage continues to
follow the movement of the car. The two carriages close
together and the relative movement between them is used
to change the position of an iron core in the solenoid
of the selector transducer. During slowdown this iron
core moves into the solenoid changing the impedance from
a minimum to a maximum. The output derived from this
transducer is shaped to produce the desired slowdown
pattern.by graduating the turns of the several small coils
which make up the complete solenoid.
(i) Levelling Transducer
Mounteca on the car, this device provides
the pattern signal covering the final-run into floor and
also corrects for any deviations from floor level caused
by rope stretch.
The device consists of a pair of trans-
formers mounted vertically 22 ins. (560 mm) apart,
acting on a pair of profiled metal plates mounted in the
shaft at each floor. The profile of the shaft plate is
shown in the illustration. The transformers work in
conjunction with solid state devices to control the
levelling signal that is applied to the regulator and
results in the lift being accurately position controlled
with respect to floor level. When the car is located
at floor level zero pattern signal is generated by the
transducer, but as the car deviates from floor level a
signal is generated as illustrated by the displacement/
voltage curve.
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By matching the slowdown and levelling
patterns continuous retardation is obtained from the
initial slowdown point to floor level.
The car is maintained at floor level by
a holding current in the gearless machine armature, the
brake being applied after the car has come to rest and
therefore only acts as a parking brake.
(j) Rope Stretch Levelling
On high rise installations movement due
to rope stretch may be as much as 3 ins. (76 mm) and
several relevelling operations may be necessary to main-
tain the car within 4 in. (6.5 mm) of floor level.
When a car arrives at a landing the machine
brake can be held off while relevelling takes place.
However, when a car is reloading after a parking period
it is necessary to relift the brake to permit rope stretch
relevelling to begin. This is achieved by the use of
solid state devices. A photo-transistor and a light
source are mounted on the transducer assembly midway
between the two transformers.
The shaft plates are backed by a sheet of
insulating material in which is cut an aperture- in.
(12.7 mm) wide so that as the car moves away from the
floor level the light is cut off from the photo-transistor.
This causes the brake to relift and initiates relevelling.
The relevelling operations take place at a very slow speed
and are imperceptible to passengers in the car.
(k) Terminal Slowdown Transducer
At terminal floors the control of the slow-
down pattern is duplicated by a terminal slowdown switch
consisting of a multi-contact limit switch and a trans-
ducer. Thhis unit is mounted on the car and actuated by
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a ramp fixed in the shaft at each terminal. If for any
reason the selector fails to function correctly control of
the slowdown is transferred to the terminal slowdown
transducer. Operation of the terminal slowdown trans-
ducer indicates a malfunction in the selector and the
control circuits are therefore interlocked to prevent
the car from starting following a terminal slowdown.
The car is withdrawn from service until it is manually
reinstated.
(II) Variable Voltage Compound System
(a) Acceleration
A combination of light current switching
and resistors in the generator field circuit are. utilised
to control the generator output voltage to achieve
smooth acceleration. The external resistance in the
field circuit is gradually reduced by contactors operated
successively at short timed intervals. This action pro-
gressively increases the generator voltage to smoothly
accelerate the lift to full speed.
(b) Constant Speed
On attaining full speed the generator
voltage remains constant until the initiation of slow-
down. To compensate for different loads in the car, the
generator incorporates a series field connected to assist
the main generator field. The series field responds to
the amount of loading in the car and'maintains the generator
output virtually constant between no-load and full load.
(c) Slowdown
The system utilises a set of specially
designed inductor switches to initiate the slowdown and
stopping of the lift.
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These switches are magnetically operated
when a steel plate passes between the two enclosed contact
arms of the switch. The operation is entirely magnetic
since there is no mechanical contact between the switch
and the plate. The inductor switches are mounted on the
lift car and the steel plates which are adjustable in the
vertical direction are attached to the tee guides in the
lift well.
Operation of the inductor switches will
individually release the contactors at predetermined
distances from the stopping point resulting in a gradual
reduction of the generator voltage giving smooth and
accurate control in relation to floor level.
At terminal floors the function of the
inductor switch is duplicated by a set of limit switches
which guarantee slowdown in the unlikely event of failure
in the normal control.
(d) Levelling
At the final approach to floor level a short
period of running occurs at a stable levelling speed prior
to the application of the brake to bring the lift to rest
at floor level. This combination of dynamic and mechanical
braking enables accurate levelling to be obtained with a
nominal accuracy of±-. in.
When the car is required to be stopped
under emergency conditions dynamic braking is employed to
reduce the speed to zero electrically and is achieved by
inserting external resistance across the gearless machine
armature.
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q_2_S Summary of The Power System




Flats Offices Bed Lifts
25-375 Single Speed Single Speed Two Speed
5 Single Speed Single Speed Two Speed
75 Two Speed Two Speed Two Speed
1.00 Two Speed or Geared Variable Voltage
1.50 Geared Variable Voltage
2.50
Gearless Variable Voltageabove
Note: Only variable voltage systems are driven by direct
current motors. All other systems shown above are
driven by alternating current motors.
9.3.0 Tie Down Compensation
9.3.1 Special Requirements for High Speed Lifts
With the advancement of hoisitng gear and the
costruction of taller buildings, lift manufacturers tend
to manufacture lifts. capable to operate at much higher
Speed than before. A special precaution must be made to
the jumping of the car or counterweight as a result of
an abrupt stop due to the functioning of the car or
counterweight safeties, or of the buffers.
9.3.2 Reasons for the Requirements
The moving mass will tend to remain in motion,
causing the hoisting cable above the car or counterweight
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to become slack. The car or counterweight will continue
upward until the kinetic energy has been dissipated. Then
a reversal in direction of motion will take place and the
car and counterweight will drop, tightening the slack cables
and setting up high stresses in them and in machine parts.
The length of the drop ista function of the car speed,
the masses and the abruptness of the stop at the point
of application of the breaking force.
Working Principle of Tie Down Compensation9.3.3
To eliminate the jump, a system called tie down
compensation is employed. The scheme consists of guide
rails anchored at the bottom of the lift pit in which:
the compensating frame is so arranged that it can move
downwards in order to take up the stretch in the hoisting
and compensating ropes but has its upward motion arrested
to a very small amount by the tension in the compensating
ropes. The stress due to jumping are therefore eliminated
making it a safety device.
9.3.4 Undesirable Features of Tie Down Compensation
In fact, tying down the compensating frame tendE
to decrease the rate of retardation thus prolonging the
stopping distance of the car or the counterweight.
9.3.5 Application of Tie Down Compensation
This system is applied under the following con-
ditions:-
(a) Where the local code of practice demands
it
(b) For lifts having car speeds of 800 fpm
and over
(c) For car speed of 600 fpm with a rise of
100 feet or less
(d) For car speed of 700 fpm with a rise of
125 feet or less
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Tie Down Compensation in Low Rise Buildings9.3.6
Tie down compensation is required for car speeds
of 600/700 fpm with lower rise because for any given car
speed the lower the rise the shorter will be the hoisting
cables and therefore the less the elasticity in the system,
and consequently the higher will be the stresses and the
worse the shock to the passengers caused by the fall of
the car or counterweight after the jump.
Minimum Rise9.3.7
It is thus obvious that for any given car speed
there is a certain minimum rise below which the ill effects
caused by the jump are excessive.
9.3.8 Top Bottom Clearances for Car Counterweight
(a) Without tie down compensation, allowance
for the jump of the car and counterweight must be made
with adequate top clearance between the bottom of the
machine room and the crosshead of the lift car and counter-
weight and bottom clearance between bottom of the car or
counterweight frame and the bottom of the lift pit.
(b) With tie down compensation this jump is
reduced the top and bottom clearances for car and counter-
weight can be reduced in accordance with the manufacturers
recommendation.
(c) Generally, the higher is the lift speed,
the longer will be the buffer stroke and the rope stretch
making a larger top.and bottom clearances for the car
and counterweight.
(d) However, a reduced stroke buffer can be
used if an additional limit switch in conjunction with




Car frames are made of steel sections adequately
calculated to withstand any working conditions with fully
loaded car at the contract speed without deformation.
The top part of the frame consists of a crosshead to which
the hoisting ropes are connected through vibration
isolating springs. At the bottom of the frame, a pro-
gressive wedge safety gear is installed on two sides.
Four roller guide shoes on the top and bottom par of
each side are installed to guide the car movement.
9.4.2 Car Platform
The complete lift car rests on a platform which
is connected to the car frame yet fully insulated against
noise and vibration from any parts in connection with
the car frame and driving equipment. Rubber pads are
placed above the car roof and under the platform to
fully absorb the least traces of metallic sound and
vibration thus ensuring a comfortable and quiet per-
formance with sound and vibration free running.
9.4.3 Car Body
Car body is constructed of sheet steel capable
of absorbing a side thrust of 75 kgs. The floor can be
made of sheet steel or wooden construction applying the
appropriate factor of safety according to the code of
practice.
(a) For goods lifts the floor can be made from
checker plates with reinforcement on the walls to with-
stand rough handling.
(b) For passenger lifts, kickplate to a height
of 6 above finished floor level complete with handrails
on three sides are recommended for the car wall.
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9.4.4 Internal Decoration of Car
Ventilation fans must be provided at the car
roof with openings provided at the bottom to ease air
flow. Lighting must be adequately provided. Internal
finishes must be branded in with the internal decoration
of the building ranging from brush painting, spray
painting, to formica lining or leather lining. The
floor can be finished with checker plates, or floor
tiles or even carpet tiles. Decorative mirrors are
sometimes provided to lifts in luxary apartment buildings.
Inspection Panel9.4.5
On the roof of the lift car, an inspection
panel is installed with adequate safety protection. A
microswitch is provided so that the lift car will not
start with the inspection panel in its open position.
In addition, facilities for both visual and audio signals
are incorporated in the supervisory panel when the
inspection panel is actuated.
9.4.6 Position Indicator
Inside the lift car, a visual indication in
the form of illuninated figures are installed above the
car so that passengers inside the car can see the direction
of car travel and the floor arriving.
9.4.7 Control Panel
A control panel is usually installed inside
the lift car next to the car door. The panel is provided
with illuminated touch buttons or illuninated push buttons
so that any car call registered is illuminated. In
addition, the control is usually provided with switches
for emergency stop of the car, alarm button for summoned
outside assistance, a fan switch to control the operation
of the ventilation fan. Facility is also available in
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the form of a key switch for attendant control of the
lift. To indicate the arrival of a car to the landing,
an arriving bell is installed on toD of the lift car.
Lift Door9.5.0
9.5.1 Landing Door and Car Door
A lift door consists of a landing door and a
car door and is usually the slide opening type. The
power unit is a variable speed operator, mounted on the
car, and ties the doors and the motor rigidly together
through a low ratio gear reduction unit complete with
suitable linkage. The action of the operator, being
powered by a direct current motor, is positive in driving
the doors in both opening and closing direction.' The
motor is adjusted to provide only the torque necessary
to attain the desired door speed. The motor driven
torque is reduced as the doors are being brought smoothly
to rest by the hydraulic cushioning mechanism that is
built into the gear unit. Minimum torque is maintained
at all times to ensure full door travel and to hold the
doors fully open or close at each landing.
9.5.2 Operation of the Landing Door
The above door operator opens the landing door
by means of a mechanical vane attached to the car door.
As the car door starts to open, the vane is engaged by
rollers on the landing door interlock. The vave remains
engaged by the rollers throughout the opening operations
and until the doors approach the fully closed position.
As the doors approach this position, the vane is freed
of the landing door rollers. Adequate running clearance
is provided between the rollers and the door vane while
the car is in motion.
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9.5.3 Interlock Between Landing Door & Car Door
On eacn ianaing aoor, a compact, sturdily con-
structed interlock is furnished which is actuated by the
car door vane. As the car door starts to open pressure
on the vane against one of the interlock rollers unlocks
the landing door. When the doors are closing, the inter-
lock circuit is not completed until the landing door
have reached the fully closed position which is assured
by the positive action of a landing door closing spring.
Thus the door operator opens and closes the car and landing
door simultaneously. It can be used with either single-
slide, two-speed or centre-opening doors, provided all the
doors in the landings are of the same type and size.
Type of Landing Door9.5.4
The landing door for various reasons can be made
to swing open instead of the sliding open type. In this
case, the interlocking system is different.
9.5.5 Special Features for Swing Type Landing Door
(a) Each swing type landing door has an inter-
lock unit which performs two important safety functions:
(i) It mechanically locks the landing
door and prevents it from being opened from the landing
side (except authorised by a special key) unless the car
is stopping or at rest at the landing.
(ii) It interupts the lift operating
circuit and prevents movement of the car away from the
landing whilst the landing door is unlocked or omen.
(b) The interlock system consists of an individual
interlock at each landing and a retiring cam and cam operating
device on the car. The operation is described below:-
The cam operating device holds the retiring
cam on the car in the retired position while the car is in
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motion. When the car stops, the cam is extended by action
of gravity. When extended, the cam presses against the
operating arm on the interlock which breaks the lift
operating circuit and unlocks the landing door.
(c) As long as the car remains at the landing
the cam remains in the extended position and the landing
door remains unlocked so it can be opened from either side.
When the car is about to leave the landing, the landing
door being fully closed, the cam operating device auto-
matically retires the cam and operating arm on the inter-
lock returns to its normal position, thereby mechanically
locking the landing door and completing the operating
circuit that permits the car to start.
Architrave Door Sills9.5.6
At each landing, an opening is provided on the
lift shaft for the landing door. A door frame is therefore.
provided. This door frame called the architrave is
architecturally treated to brand into the internal decora-
tion of the lift lobby. A door sill is installed in each
landing forming parts of the architrave to' guide the
running of the landing door. Regular cleaning of the door
sill is essential because any dirt accumulated on the sill
will stop the door movement thus interupting the lift service.
9.5.7 Position Directional Indicator
At each lancing at least a direction indicator
must be installed above the landing door to show the
direction of the travel of any arriving lifts. At an
optional extra charges, a position indicator in the form
of illuminated figures is installed in the same place.
9.5.8 Landing Call
At one side of the architrave, an illuminated*
push button or touch button complete with an arrowhead is
provided to facilitate a passenger at the landing to





Landing doors of the swing type are hinged on
the architraves or the landing door frame. Landing doors
of the sliding type are however hanged on hangers having
hardened steel anti-friction and sound proof ball bearing
rollers that are factory lubricated. The main roller
which is situated on top of the door, is 21 in diameter
and rolls inside a polished steel track that is curved
to fit the roller. The adjustable "up thrust" roller
which is situated at the bottom of the door, rides under
the track and prevents the door from tilting or jumping.
Lubrication. between the main roller and the track is
supplied by a felt wick. These landing doors are equipped
with a positive action cable drive that moves both panels
of a centre-opening door simultaneously and keeps them
always in step with each other. One side of this cable
is connected to the door hanger whilst the other side of
the cable is connected to a door-weight closer to ensure
equal force required in the opening or closing of the
door. This door-weight closed is protected by a trough
and is installed behind the matting landing door. With
suitable cable arrangement, the above cable drive is also
available for two speed doors. A metal chain can be used
in lieu of the cable.
9.6.2 Special Provisions for Opening Lift Door
In case of power failure, the doors should be
readily operated by hand from inside the car. Otherwise,
the passengers must wait for the arrival of the rescue




Safety edges are used on lifts with automatic
horizontal sliding car and landing doors. Single-panel
and two panel one way sliding doors require one and
centre-opening'sliding doors, two safety edges, fitted
to the hoistway side of the car door.
9.7.2 Operation of the Safety Edges
During closing of the door, the safety edge will
move forward to lead the edge of thetbor panel by about
70m.m. (2j) so that even the lightest touch of the safety
edge during the door closing will at once cause the door
to re-open. This protects the passengers.from being hit
by the door panels.
9.7.3 Additional Detection
Otis has successfully developed an electronic
device which provid4s a three dimensional zone of detection
extending along, across and a short distance in front of
the leading edge not only car doors but also the landing
doors. If, when the doors are closing, a passenger entres
the zone of detection, the detector electronically senses
his presence and immediately stops and reverses the doors.
9.7.4 Limited Door Reversal
an optional zeature of the electronic detector
is limited door reversal, with which the doors re-open
just far enough to allow for a passenger to pass and then
close again thus speeding service.
9.7.5 Photocell
Photocells are used on lift equipment with fully
automatic car and landing doors of the horizontal sliding
type to protect passengers during entering or leaving the
car. Usually, one light barrier is fitted at 650 mm above
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the car floor. A second one can be fitted at ankle height.
Light source and photocell are mounted, depending on the
type of door, either on the shaft side of the car door
panels, or on the shaft side of one car door panel and
the car entrance frame. For openings up to a width of
1200 mm, the light barrier can be made to operate with
an invisible infra-red light beam. Interception of the
light beam by a person or an object prevents the closing
of the automatic doors or interrupts their closing move-
ment and re-open the doors. The time interval between
interception of light beam and subsequent reclosing of
the doors is adjustable.
Safety Governor9.8.0
9.8.1 Function of the Safety Governor
The safety governor is installed in the machine
room. It is driven by a steel governor rope or chain
which posses over the governor sheave and attaches directly
to the lift car safety mechanism. Tension of the rope or
chain is maintained by passing it over a governor tension
sheave mounted on a frame located in the lift pit. The
safety governor provides for two safety features.
First Protection9.8.2
If for same reason, the lift car travels in any
direction at 159/6 above the contract speed, the governor
breaks an electric circuit thus cutting power supply to
the hoisting motor and at the same time applies braking
to the hoist motor thus stops the car from further movement.
9.8.3 Second Protection
However, if this fails and the car's downward
speed continues to increase, the governor trips and
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clutches the governor rope with enough force to set both
safety clamps which are mounted on the bottom side of
the car frame, and bring the wedge-shaped safety jaws into
contact with the guide rails. Further motion of the car
causes these moveable jaws to wedge themselves between the
rail and the arms of the clamp until sufficient clamping
force is exerted by the safety springs to bring the car
to a smooth sliding stop.
9.8.3 Resetting of Safety Devices
When the cause of the overspeed has been recti-
fied, the safety jaws may be released by running the car
a few inches in the up direction. This reverses the
wedging action and the safety jaws is returned to their
ready_-position.
Slinging System9.9.0
9.9.1 Function of Car Sling
Car slings provide adequate support for the car,
their loads and accessories. Normally there are three
ways of roping to the lift car and counterweight:
(a) Oversling with roping ratio 1:1
The hoist rope is thus directly connected
to the car sling crosshead on the car assembly.
(b) Oversling with roping ratio 2:1
The hoist rope passes over a pulley which
is connected to the car sling crosshead of the car assembly.
(c) Undersling with roping ratio 2:1
The hoist rope passes through two diverting
pulleys which are installed under the car platform.




Usually roping ratio of 1:1 applies to slow
and medium speed lifts whilst roping ratio of 2:1 is
standard for the higher speeds. In rare cases, a
roping ratio of 3:1 is applied to goods lifts.
ractor or batety9.9.3
The suspension ropes are calculated with a
safety margin of 10 to'30, employing not less than two




The counterweight consists of cast iron blocks
properly shaped and fitted into a suitable sling and is
run on two guide rails. The weight of the counterweight
is adjusted to give the lift smooth and economical operation.
9.10.2 Weight of Counterweight
The total weight of the counterweight complete
with counterweight frames is equal to the sum of the car
weight and 45% of the contract load.
9.10.3 Provision for High Speed Lifts
vor nign speea lift, a safety gear for overspeed
is incorporated-in the counterweight assembly. For lifts
exceeding 500 feet per minute, a compensating sling is
installed even to the counterweight.
9.10.4 Counterweight Guard
At the bottom of the guide rails, a special
counterweight guard is installed.
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9.11.0 Guide Rails and Guide Shoes
9.11.1 Guide rails for car and counterweight are fixed
to building structure by means of steel brackets carefully
designed to suit the individual requirement to ensure that
the guide rails are structurally supported throughout their
length.
9.11.2 Construction of Guide Rails
Guide rails are manufactured from quality steels
in T sections with working faces machined to form a smooth
continuous surface. Every joint in the guide rail is
toughened and grooved and fitted with machined fishplates
each secured with four bolts through each rail.
9.11.3 Guide Shoes- Where To Install
Guide shoes are provided at the top and bottom
of both sides of the car and counterweight frame and
according to the lift speed, guide shoes are made in two
forms.
9.11.4 Sliding Guide Shoes
Sliding guide shoes are for slow and medium
speed lift consists of adjustable and renewable linings
accurately machined to the profile of the guide rail and
gives smooth running and long life with minimum of wear
and tear on the sliding faces.
9.11.5 Roller Guide Shoes
Roller guide shoes are made for medium speed
lifts. Each shoe consists of three rubber rollers each
mounted on a ball bearing. By means of heavy springs,
the pressure of each roller on each working face of a guide
rail is adjustable. For high speed lifts, each shoe con-
sists of six rubber rollers instead of three to ensure
smoothing contact.
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9.12.0 Limit Switches & Buffers
9.12.1 Safety Against Faults
In addition, buffers are installed in the lift
pit under the lift car and counterweight to ease shocks
to be produced to the car and counterweight by their over
travel and collision there. They are of various types and
are capable of stopping the lifts quietly and smoothly
from the contract speed.
9.12.2 Second Line of Protection- Buffer
If the car does not stop after having passed the
last floor, a limit switch cuts off the power supply to
stop the traction machine.
9.12.3 Buffer- Where to Install
When a landing device fails to operate, upon
reaching the terminal floor, on account of some faults,
a slow down switch operates securely to stop the car.
9.12.4 Buffer Types
There are varee types of buffers. Oil buffers
are for high speed lifts, i.e. above 60 mpm or 200 fps with
a retardation at a range of 32.2 ft. per second to 80.5 ft.
per second at 115% contact speed'. Whilst spring buffers
are for low and medium speed lifts between 75 to 200 fpm
or 60 mpm. For speeds below 75 fpm, buffers of the timber
and rubber type can be used.
9.13.0 Overload Device
9.13.1 Earliest Form of Overload Device- Floating Platform
The earliest type of overload device is made in
the form of a loating platform which comprises a removable
Platform freely rest on rubber pads with a micro-switch
mounted below and can be set to operate when the platform
is loaded or unloaded. This method of weight measurement
can only detect a minimum load above 50 pounds. This
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explains why in some old lifts a notice bearing the words
"Children under the age of fourteen is not allowed to use
this lift unless accompanied by an adult" is prominently
mounted on the car wall.
9.13.2 Floating Platform Used With Other Controls
This is especially dangerous in lifts employing
manual collapsible gates where the loating platform is
used to override the control contact of these gates in
the lift car when it is not loaded. A situation even arises
for the car to answer a landing call with the gates open.
9.13.3 The Danger of Floating Platform
In addition, through mischievous action, the
floating platform may be unsupported or removed from its
places. There is thus the danger of people stepping on
a unsupported car floor.
9.13.4 Modern Approach
However, with the stringent safety rules nowadays,
the fallacies with floating platform and manually controlled
collapsible gates become known. Improvement are accordingly
made to render it intrinsically safe and fool-proof. Both
the car and landing doors must be closed before the lift
is set in motion.
9.13.5 Detection of Overload
To detect overload, other methods had since been
developed :-
(a) When the lift car is being loaded, the
wooden platform is deflected, compressing the rubber pads
underneath and hence operate a micro-switch to give a
full load signal both visually and audibly.
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(b) Micro-switches is mounted close to the
suspension springs on the crosshead above the car body.
The compression of these springs due to car being loaded
will actuate a micro-switch. However, if tie down com-
pensation were employed in high speed lifts, large
variations in the amount of overload may result between
top and bottom floor.
(c) The entire lift car including the platform
rests on rubber pads mounted on a steel supporting car
frame. A micro-switch is placed underneath the platform.
to sense the overload.
(d) Should there be a rope anchorage in the
lift machine room, the compression of the end springs
will operate a micro-switch on full load. Allowance
must be given when tie down compensation is employed.
9.14.0 Lift Wiring
9.14.1 Power Wiring
All the lifts nowadays are powered by electricity
Power wiring is therefore required in the lift machine
room to connect the hoisting motors to the motor starters
and switchboards.
9.14.2 Control Wiring
There is a control panel in the machine room to
interconnect the various components in a lift installation
so that the lift can answer lift calls in the car and in
the landing. For control wiring in the machine room,
phase voltage is usually employed. For control wiring in
the landing and car call buttons, they are usually wired
at low voltage to ensure safety.
9.14.3 Trailing Cable
Trailing cable sometimes called the travelling
cable is the flexible cable connecting the control panel
in the lift car and the control panel in the lift machine
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room interconnected through terminal blocks provided




TRAINING IN A LIFT ORGANISATION
Staff in a Lift Organisation
In a lift company, normal office routines are
carried out by a person with general education in manage-
ment. He is supported by clerical, secretarial and
accounting personnels who require' little special knowledge
in lifts. On the other hand, being specialised in lift
business, a large proportion of the employees in a lift
organisation must possess the specialist knowledge of lift.
These lift specialists are graded in three levels as shown
below:
(A) at tradesmen level
(B) at technician level
(C) at professional level
(A) The Tradesmen Leve:
Two streams are available at tradesmen level. One
is the mechanic stream, the other is the electrician stream.
Recruitment into the trade is obtained c-t primary six or
junior middle standard. Usually, it takes three years.
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This training of the tradesmen had been formally recognised
through passing the legislature of the Apprenticeship
Ordinance in July 1976.
On satisfactory completion of an apprenticeship,
normally three years or more, the apprentice in the trade
of either lift mechanic or lift electrician, will receive
a certificate of completion of the apprenticeship from the
employer, countersigned by the Commissioner of Labour. This
certificate thus forms the passport to the trades.
Although no minimum wages for apprentices had been
specified, an employer is required, by the above ordinance,
to release the apprentices to attend part time day release
courses at technical institutes. An employer who takes on
a young person, between the ages of 14 and 19, in a desig-
nated trade must enter into a contract of apprenticeship and
send it to the Commissioner of Labour within 14 days after
execution. Thus the welfare of both parties is ensured.
(B) The Technician Level
At technician level, formal training is carried out
in the form of technical apprenticeship, lasting for a period
of about 4-5 years for school leavers. Technical education
is available at the Hong Kong Polytechnic at Ordinary/Higher
certificate standard in electrical/mechanical engineering.
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During the period of technical apprenticeship,
a technical apprentice is trained throughout all the
engineering departments in a lift organisation, starting.
from the goods received and despatch section to check the
material or equipment against orders placed packing list
or delivery note, to inventory section to appreciate the
inventory of various lift parts, to erection section for
the reservation of openings on walls and floors, for the
erection of guide rails for lift cars and counterweights,
for the running of concealed or surface conduits for power
or control wiring.
When concreting of the building is complete, the
technical apprentice will learn to disembly of the lift cars
received, reassembling them inside the lift shaft, assemblink
the counterweight assembly, installation of hoisting machi-
neries, hoist rope, safety buffer, indicators at landings,
installation of power and control wiring for the lift.
During the installation of the lift, various electrical and
mechanical tests are carried out to ensure standard of work-
manship and safety of the installation. Probably he will be
allowed to stay on the installation for a short while to
carry out adjustments to safety devices after commissioning,
to answer complaints even after normal office hours and to
service and maintain the lift at regular intervals.
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Having complete all the outdoor training, the
technical apprentice is transferred to indoor sections.
First to the drawing office, to assist in the preparation
of sketches with regard to locations and dimensions(26) of
lift pits, lift shafts, machine rooms for various types of
lifts, layout of lift machines, drawing of detailed assem-
blies, preparation of material list and finally to the
estimate section for assisting in the preparation of lift
traffic analysis, price of enquiries.
The training programme is flexible so that the
training period in each section can be varied to suit the
training need of the technical apprentice, to synchronise
with the workload in the firm at any one time.
(C) The Professional Level
The training of professional engineer in the lift
industry starts after graduation in an engineering curriculum.
Normally, the training takes more or less the same form as
the technical apprentice but has condensed to a period of
two years.
(D) Working Relationship of the Three Levels of Lift
Specialists
On completion of the training period, a tradesman
will work in the field, a technician will work either as a
supervisor on site supervising the works of the trademen, or
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as an engineering assistant to carry out drawing, design
or estimating works inside the office, a graduate will work
as an assistant professional engineer gaining experience in
the lift profession before becoming qualified in the elec-
trical or mechanical discipline, thus becoming full control'
of each new lift installation assigned to him or becoming
the controller of the maintenance department, or contract,
department, etc. and finally to managerial position in the
firm.
Promotion from tradesmen level to technician level
is possible after acquiring adequate experience as well as
the necessary technical education. Promotion from technician
to professional level is also possible on acquiring the
requisite qualifications.
Career prospects in the lift industry is therefore
very good indeed. Besidesa person can grow with the organi-
sation, he can also grow with the industry. Since the proper
accredited curriculum is not available in lift engineering,
the period of formal training together with the satisfactory
completion of short courses available from time to time in
the Hong Kong Polytechnic or Hong Kong Productivity Centre
carries a rather heavy weight during any recruitment exer-
cise. In America, correspondence programmes on various
aspects of lift are organised through the Education Committee
of the National Association of Elevator Contractors.
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In Hong Kong, a ten year housing plan has started,
a 10 year medical programme is actively persued, the creation
of satellite towns in the New Territories, joint ventures of
the Mass Transit Railways and the continuous investments by
private developers in urban area, coupled with the modern
trend to maximise the land usage to combat the rising land
premium, there is an ever increasing demand for more efficient
tall buildings which no doubt will create a continuous work
flow to the industry. The proposed installation of 93 lifts
in the joint venture project between the Mass Transit Rail-
ways and the estate developer over the Kowloon Bay M.T.R. site
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DOS FORTRAN IV 36ON-FO-479 3-8 MAINOGM DATE 15/03/78 TIME 20.43.44 PAGE 0001
0001 REAL PROB,TRAVEL,SPEED(14),DWIDTH,DSPEED,INIERV,LMIX(50,6),
1LIFT(10,6) TEMP(10,9),X,Y
0002 INTEGER POP, FLOOR, CAP(16), NUMBER(10),P,O,R,S,CLIFT(10,2),
1DLIFT(4,2),A,B,T
0003 READ (5,11) POP
0004 READ (5,12) FLCOR
0005 READ (5,13) TRAVEL
0006 READ (5,14) (CAP(I),I = 1,16)
0007 READ (5,15) (NUMBER(K),K = 1,10)
0008 READ (5,16) (SPEED(J),J = 1,14)
0009 READ (5,17) DWIDTH,DSPEED
0010 11 FORMAT (114)
0011 12 FORMAT (112)
0012 13 FORMAT (F14.1)
0013 14 FORMAT (8X, 313, 1314)
0014 15 FORMAT (8X, 913,14)
0015 16 FORMAT (10X, F4.2, 13(1X, F3.1))





















0037 WRITE (6,220) POP
0038 WRITE (6,221) FLOOR
0039 WRITE (6,222) TRAVEL
0040 WRITE (6,223) DWIDTH
0041 WRITE (6,224) DSPEED
0042 WRITE (6,225) (SPEED(J),J = 1,14)
0043 WRITE (6,226) (CAP(I), I = 1,16)
0044 WRITE (6,227) (NUMBER(K),K = 1,10)
0045 200 FORMAT (lHl,////15X,' SIMULATION OF THE LIFT MIX N A HIGH RISE O)
1FFICE BUILDING IN HONG KONG')
0046 201 FORMAT (////17X,'DEFINTIONS :')
0047 202 FORMAT (//20X,' POP = PASSENGER POPULATION IN PERSONS SERVED BY
1THE LIFT')
0048 203 FORMAT (//20X,' FLOOR = NUMBER OF FLOORS SERVED BY THE LIFT')
0049 204 FORMAT (//20X,' TRAVEL = HIGHEST DISTANCE REACHED BY THE LIFT')
0050 205 FORMAT (//20X,' DWIDTH = DOOR WIDTH OF LIFT IN METRES')
0051 206 FORMAT (//20X,' DSPEED = SPEED OF THE LIFT CAR IN METRES PER SECOND')
0052 207 FORMAT (//20X,' SPEED = LIFT SPEEDS IN METRES PER SECOND')
0053 208 FORMAT (//20X,' CAP = CAPACITY OF THE LIFT CAR IN PERSONS')
0054 209 FORMAT (//20X,' NUMBER = NUMBER OF LIFT CARS')
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210 FORMAT (//20X,' BANKNUMBER OF LIFT BANKS')
211 FORMAT (//.-)OX ,l PROM= PROBABLE NUMBER OF STOPS PER TR IP')0056
212 FORMAT (//20X,' TUP= TIME FOR UP TRAVEL IN SECONDS')0057
213 FORMAT(//20X,' TDOWN=TINE FOR DOWNTRAVEL I N SE- 0,14 DS')0058
214 FORMAT( //20X,' TD00R= TIME FOR OPERAT I OPNS OF LIFT DOER')00 59
215 FORMAT (//20X,' TTRAN= TIME FOR PASSE\IGER TRANSFERRED IN SECONDS0010
2-16 FORMAT (//2.0X,' TROT= AVERAGE T IME FOR A ROUND T2 IP I N SECO:'IDS'0061
1)
217 FORMAT (//20X,' HC= HANDLING CAPACITY IN PERCENTAGE OF POPULA0062
1TION IN FIVE MINUTES')
218 FORMAT (//20X,' INTERN= AVERAGE TIME FOR ARRIVAL :)F LIFT IN SECON0063
IDS') 219 FORMAT (////17X,' INPUT DATA:')0064
220 FORMAT (//20X,' POP=', 14)0065
222 FORMAT (//20X,' TRAVEL=', F5.2)0066
221 FORMAT. (//20X-,' FLOOR.', 12)0067
223 FORMAT (//20X,' DWIDTH=', F5.1)00(8
224 FORMMAT (//120X,'DSPEED', F5. 1)006
225 FORMAT (//20X,' SPEED= 14F6.2)0070
226 FORMAT (//20X,' CAP= 1614)0071
227 FORMAT (//20X,' NUMBER=', 10I4)0072
240 FORMAT (1H1,////15.X,'SECTION (1): TO CALCULATE AND LIST ALL POSS.I0073
1BLELIFTMIXES'/31X,'WITHTHECONSTRAINTOFL FCAPACITY')241FORMAT--(1_L11-,////15X-,-!SECTION(2):TOSTUDYTHECONSTRALNT-OFLI FT0074 T
1 SPEED')
242 FORMAT (1H1,////15X,'SECTION (3): TO STUDY THE CONSTRAINT OF THE0075
1HANDLING CAPACITY')
243 FORMAT (1H1,////15X,'SECTION (4): TO STUDY THE CONSTRAINT OF LIFT0076
1 INTERVAL')
0077 2/4 FOR1,AT(1H1,L///15X,'SECTION (5): TO STUDY THE EFFECT OF SKIPPING
1 ALTERNATING FLOORS')
245 FORMAT (1H1,////15X,'SECTION (6): TO OPT IMISE THE LIFT MIX'//32X,OC78
1'( I TO OPIIMISE THE SHAFT AREA')
246 FORMAT (//32X,'( II) TO ECONOMISE THE LIFT COST')0079
247 FORMAT (1HI,////15X,'SECTION (7): TO STUDY THE EFFECT OF BANKING'OCrO
I)LCW ZONE: SERVING_ G-1-2-3-4 -5-6-7-8-9-10 FLOORS')
248 FORMAT (//30X,' (I 1) HIGH ZONE: SERVING G-11-12-1 3-14- 15-16-17-18-0OF_1
119-20 FLOORS')
249 FORMAT (1H1,////15X,'SECTICN (8): TO STUDY THE EFFECT OF FLOOR SPOOP2
1LIT' //30X,'( I) LOW ZONE: SERVING G-1-2-3-4-5--6.7-8-9- l0-11-12 F
1LOORS')
250 FORMAT(//30X_,'( II) HIGH __ZONE: SERV INC G- 12- 13-14- 15- 16- 17-18-10083
19-20 FLOORS')
261 FORMAT (////75X„'HANDLING CAPACITY' /28X,'NUMBER OF'SX,'LIFT SPEED'00 84
15X,'LIFT CAPACITY'SX,' IN PERCENTAGEOF' 7X,' INNTERVE:AL' /30X,'LIFTS'9X
2, I IN r/S'SX, 'INPERSONS' 1OX,' POPULATION' 8X,' IN SECONDS'/)
00P5 262 FORMAT (131, 1OX, F5.2, 14X, I2, 16X, F5.3, 14X, F8.3)
P= 0S) 0 F6
20 DO 65 R= 1,10OOP7
IF (R- 2) 21,22,230088
21 WRITE (6,240)OCFS




.001.4 24 WRITE (6,242) -------------
0055 GO TO 50
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25 RRIIE (6,24)
_0C.S_6.
GO TO 500c c7
26 IF CR- 6) 27,28,2900Ir,8
27 W R I TE( 6,244)00c9
POP= POP/201(0
FLOOR= FLOOR/201(1
GO TO 5001 C2
50 WRITE (6t261)0103
FLOAR= FLOAT (FLOOR)0104
DO 64 I= 5, 160105
DO 63 J= 1,14O1C6
DO 62 K= 1,1C01C7
01C8 31 ,-41
01(9
4 1 I F (SPEED(.1)- 2.0) 62,62,4242IF (SPEED(J)-0.6R26'SQRT(TRAVEL))31,62,620110
31 PROB= FLOAR-- FLOAR** ((ILCAR- 1) /FLOAR) *',,CAP (1)0111
32 TTRAN=2*CAP(I)-0112
33 TUP= PROR (TRAVEL/ (PROB'J:SPEED(J)))0113
3.4 TCOWN=T.RAVE.L/-SP-EE0_=(J)-0.1.14
0115 35 TDCOR= 2*(PRCB+1)'**DWIDTH/DSPEED
36 TROT= TUP+ TDOWN+ TDOOR+ fTRAN
-O116
37 HC= 300,NUMBER(K)-:=CAP(I)/(TRDT*POP)01 17
38 I LATERV= TI:DT /NUMBER(K).011.8
0119 IF (R-- 3) 70,43,43
01.2 C.
4.3IF(0.1.2-HC.)44,62162.44IF(HC-0.15)45,62,620171
45 IF (R- 4) 70,46,460122
46 IF (25.0- INTERV) 47,62,62013
47 IF (INTERV- 55.0) 48,62,6201 24
0125 48 IF (R- 5) 70,49,51
_016 4 9P=P+1
0127 LMIX (P,1)= FLOAT (NUMBERM
LMIX (P,2)= SPEED(J).01 2 8
LF-IIX (P,3)= FLOAT (CAP( I0179
LMIX (P,4)= HC0.130
01?1 LMIX (P,5)= INTERV
IMIX-(-P,6) LMIX_(P,1) LMIXP,3)1232
01:3 GO TO 70
51 IF (R- 7) 28,70,7001 24
01'5 28 WRITE (6,2445)
WRITE (6,261)0136




O0 82 IP= 2,P01 C
011 IF (LMIX(IP,6)- TEP•P(1,6)) 80,82,82
80 DO 81 Q= 1,60142
0143 81 TEMP(1, 0)= LNIX (I P, Q)
Q144 82C0 NT I NUE
N 1
01150146 DO 84 S= 2, P
0147 IF (LMIX(S96)-- TEMP(.1,6)) 66,83,84
0148 83 CLIFT(N,1)= IFIX(LMIX(S,1))
0149 CLIFT(4,2)= IFIX(LMIX(S,3))
WRITE (6,262) CLIFT(N,1),.LMIX(S,2), CLIFT04,2), LMIX(S,4), LMIX(S0150
0151 N= N+ 1
0152 84 CONTINUE
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0153 106 WRITE( 6 , 246 )
0154 WRITE( 6 , 261 )
0155 DO 89 T = 2 , 9
0156IF ( LMIX( T , 1 ) - TEMP( 1 , 1 ) ) 88 , 86 , 89
015786 IF ( LMIX( T , 3 ) - TEMP( 1 , 3 ) ) 88 , 87 , 89
01587 IF ( LMIX( T , 2 ) - TEMP( 1 , 2 ) ) 88 , 88 , 89
0159 88 DO 89 IR = 1 , 50160LIFT( 1 , IR ) = LMIX( T , IR )
0161 89 CONTINUF
0162CLIFT( 1 , 1 ) = IFIX( LIFT( 1 , 1 ) )
0163CLIFT( 1 , 2 ) = IFIX( LIFT( 1 , 3 ) )
0164WRITE( 6 , 262 ) ( CLIFT( 1 , 1 ) LIFT( 1 , 2 ) CLIFT( 1 , 4 ) LIFT(
115) )
0165 GO TO 65
016629 IF ( R - 8 ) 74 , 75 , 30
016730 IF ( R - 10 ) 76 , 77 , 66
0168 74 WRITE( 6 , 247 )
0169 TRAVEL= TRAVER/ 2
0170 GO TO 50
0171 75 WRITE( 6 , 248 )
0172 TRAVEL= 2 * TRAVEL
0173 GO TO 50
0174 76 WRITE( 3 , 249 )
0175 POP = POP * 2 * 11 / 21
0176 FLOOR = 12
0177 TRAVEL = 49
0178 GO TO 50
0179 77 WRITE( 6 , 250 )
0180 FLOOR = 10
0181 POP = POP * 21 / 11 * 10 / 21
0182 TRAVER = 77
0183 GO TO 50




0188 65 CONTINUE0189 66 STOP
0190 END
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SCALAR MAP
SYMBO LOCATIONSYMBOLSYMBCLLOCATIONSYMBOL SYMBOL LOCATIONLOCATICN
POP KLOCATI 210204 IFLUOR TRAVEL 208200
J RP 220 224OSPEEDDWIDTH 218 21C214FLOA TOOWNTUP 234 23822CPROB TTRAN 230228
TDDOR INTERV 248 Q 24C240 HC 24423C FRDT ---------
25CT 260254 S 258250
ARRAY MAP
SYMBCL LOCATION SYMBOL LOCATIONSYMBOLLOCATIONSYMBOL SYMBOL LOCAT10\1LOCATION
SPEEN CAP83C 9A4TEMPLMIX LIFT 74C29C264
CLIFT AOC DLIFT A5CNUMBFR 9E4
SUBPROGRAMS CALLED
SYMBOL LOCATION SYMBOL LOCATIONSYMBGLLOCATIONLOCATIONSYMBOL SYMBOLLOCATION
A80 84FRXPI SQRTA7C
FORMAT STATEMENT MAP
SYMBOL LOCATION SYMBOL LOCATIONSYMBCLSYNBOL LOCATION SYMBOL LOCATIONLOCATION
ABD 1514 AC912 AB813I1 AB4ABO
B3F 202 B562Cl17 AEAAE2 200403
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CSECT ILFSSQRT JD43DC OD43D0
ENTRY SQRT OD43DO
OD43DOENTRY IJTSSQT
CSECT IL FUNTAB OCFBAO OCFBAO
OCFCAO OCFCAOCSECT TIMER
ODOOB8CSECT IJJFCBZD ODOOB 8











CSECT ILFFIOCS OD2D1C OD2D1O
ENTRY IJ SYSLO OD3C2C
ENTRY BFAREA 0D3ADA








ENTRY IJJCPDIN 0040F C
OD40F CENTRY IJJCPD3
CSECT IJ2L0005 OD3D3 8
CSECT IJJCPA1J OD3DAC OD3DAO
OD3D38
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135SIMULATION OF THE LIFT MIX IN A HIGH RISE OFFICE BUILOIN3 IN FONG KONG
DEFINITIONS:
POP = PASSENGER POPULATION IN PERSONS SERVED BY IHE LIFT
FLOOR = NUMBER OF FLOORS SERVED BY THE LIFT
TRAVEL = HIGHEST DISTANCE REACHED BY THE LIFT
DWIDTH = DOOR WIDTH OF LIFT IN METRES
OSPEED = SPEED CF LIFT DOOR IN METRES PER SECOND
SPEED = LIFT SPEEDS IN METRES PER SECOND
CAP = CAPACITY OF THE LIFT CAR IN PERSONS
NUMBER = NUMBER OF LIFT CARS
BANK = NUMBER OF LIFT BANKS
PROB = PROABLE NUMBER OF STOPS PER TRIP
TUP = TIME FCR UP TRAVEL IN SECONDS
TDOWN = TIME FOR DOWN TRAVEL IN SECONDS
TDOOR = TIME FCR OPERATIOPNS OF LIFT DOOR
= TIME FOR PASSENGER TRANSFERRED IN SECONDSTTPAN
TRDT = AVERAGE TIME FOR A ROUND TRIP IN SECONDS
HC = HANDLING CAPACITY IN PERCENTAGE OF POPULA IDA IN FIVE MINUTES








SPEED = 0.75 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 6.00 7.00 8.00 9.00
CAP= 5 6 8 10 12 16 20 24 30 35 40 50 60 70 80 90
NUMBER= 1 2 3 4 5 6 7 8 9 10
137SECTION (1): TO CALCULATF AND LIST ALL POSSIBLE LIFf MIXES
WITH THE CONSTRAINT OF LIFT CAPACITY
HANCLING CAPACITY
IN PERCENTAGE OFNUMBER CF INTERVALIFT SPEED LIFT CAPACITY
LIFTS IN SECONDSPCPULATIONIN M/S INPERSONS
1 C.005 256.9550.75 12
2 128.4780.75 C.00912
3 C.014 85.6520.75 12
64.2394 C.0190.75 12




9 C.042 28.5510.75 12
10 25.695C.0470.75 12
























25.7245 2.00 12 C.047
21.4376 2.00 C.05612
18.3757. 12 C.06.5 16.0782.CO
8 2.00 12 C.075
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12.2 707.00 C. 09812





C. 034 35.4368.00 12
C.051 23»6248.00 123
C.068 17.7188.004 12
C. 085 14.1748.00 125
























26.4950.75 1610 C.007 213_.622C.0071.00 161
106.8 1 1C.015162 1.00
71.207C. 022163 1.00
53.405C.0304 1.00 16























9 C.1052.00 16 15.180
13.66210 2.00 16 C.117
1 2.50 16 C.013 121.222
140
2 2.50 16 C.026 60.611
3 2.50 16 C.040 40.407
4 2.50 16 C.053 30.305
5 2.50 16 C.066 24.244
6 2.50 16 C.079 20.204
7 2.50 16 C.092 17.317
8 2.50 16 C.106 15.153
9 2.50 16 C.119 13.469
10 2.50 16 C.132 12.122
1 3.00 16 C.014 110.955
2 3.00 16 C.029 55.478
3 3.00 16 C.043 36.985
4 3.00 16 C.058 27.739
5 3.00 16 C.072 22.191
6 3.00 16 C.087 18.493
7 3.00 16 C.101 15.851
8 3.00 16 C.115 13.869
9 3.00 16 C.130 12.328
10 3.00 16 C.144 11.096
1 3.50 16 C.015 103.622
2 3.50 16 C.031 51.8113 3.50 16 C.046 34.541
4 3.50 16 C.062 25.905
5 3.50 16 C.077 20.724
6 3.50 16 C.093 17.270
7 3.50 16 C.108 14.803
8 3.50 16 C.124 12.953
9 3.50 16 C.139 11.514
10 3.50 16 C.154 10.362
1 4.00 16 C.016 98.122
2 4.00 16 C.033 49.061
3 4.00 16 C.049 32.707
4 4.00 16 C.065 24.530
5 4.00 16 C.082 19.624
6 4.00 16 C.098 16.354
7 4.00 16 C.114 14.017
8 4.00 16 C.130 12.265
9 4.00 16 C.147 10.902
10 4.00 16 C.163 9.812
1 4.50 16 C.017 93.844
2 4.50 16 C.034 46.922
3 4.50 16 C.051 31.281
4 4.50 16 C.068 23.461
5 4.50 16 C.085 18.769
6 4.50 16 C.102 15.641
7 4.50 16 C.119 13.406
8 4.50 16 C.136 11.731
9 4.50 16 C.153 10.427
10 4.50 16 C.170 9.384
1 5.00 15 C.180 90.422
2 5.00 15 C.035 45.211
3 5.00 15 C.053 30.141
4 5.00 15 C.071 22.605
5 5.00 15 C.088 18.084
6 5.00 15 C.106 15.070
7 5.00 15 C.124 12.917
8 5.00 15 C.142 11.303
9 5.00 15 C.159 10.047
10 5.00 15 C.177 9.042
1 6.00 16 C.019 85.289
2 6.00 16 C.038 42.644
3 6.00 16 C.056 28.430
4 6.00 16 C.075 21.322
5 6.00 16 C.094 17.058
6 6.00 16 C.113 14.215
7 6.00 16 C.131 12.184
10.6616.00 O.15016
















15.7740.1015 8.0 0 13.14516
0. 122168.00
11.2670.1427 168.00






19.1834 9.00 16 0.083
15.3475 0. 1049.00 16
12.7890.1256 9.00 16





0.015 136.4782 0.75 20























28.3816 0. 0701.50 20




















21.537C.093202.506 18. 460C. 108202.507 16.153C. 124202.508
14.3580.139202.509









55.811C.036203.502 37.20720 C.0543.503 27.905C. 072203.504 22.324C. 090203.505
18.604C. 108203.506
15.946C. 125203.507
















14.54920 C. 1377 4.50
12.73120 C. 1574.50
11.31620 C. 1779 4.50
10.18420 C. 1964.5010
98.422C.020205.00I










10 5.00 9.84220 0.203
1 6.00 20 0.021 93.289
2 6.00 46.6440.04320
6..00 31.0960.06420





9 6.00 0.193 10.36520
10 6.00 20 0.214 9.329
7.00 20 0.022 89.622
7.00 0.04520 44.811
7.00 20 0.067 29.874
1234 7.00 20 0.089 22.405
5 7.00 20 17.9240.112
7.00 20 C. 134 14.937
7.007 20 C. 156
_1.2_.803
8 -7.0 0 20 C.l79 11.203
9 7.00 9.95820 C.201
10 7.00 20 C.223 8.962
1 8.00 20 C. 023 86.872
8.002 20 43.436C. 046
8.003 20 0. 069 28.957
8.00 204 0. 092 21.718
205 8.00 17.3740. 115
8.006 20 0. 138 14.479
7 8.00 20 0. 161 12.410
8.008 20 0. 184 10.859
9 8.00 0.207 9.65220
10 8.00 0.230 8.68720
1 9.00 0.024 84.73320
9.002 42.3670.04720
3 9.00 0.07120 28.244
9.004 0.09420 21.183
5 9.00 20 16.9470. 118
6 9.00 20 14.122C. 142
207 9.00 12.1050.165
20 10.5928 9.00 0.189
9 9.41 5209.00 0.212
2010 9.00 8.4730.236
1 240.75 0.009 280.955
2 240.75 140.4780.017
3 240.75 93.6520.026
4 0.75 24 70.2390.034
5 0.75 24 56.1910.043
6 0.75 24 46.8260.051
7 0.75 40.1362.4 0.0608
0.75 35.11924 0.068
9 0.75 31.21724 0.077
10 0.75 24 28.0960.085
1 1.00 24 229.6220.010
2 1.00 24 114.8110.021
3 1.00 24 76.5410.0311.00
4 1.00 24 57.4050. 042
5 1.00 24 45.9240.052
6 1.00 24 38.2700.063
7 1.00 24 32.8030. 073
8 1.00 24 28.7030.084
9 1.00 25.5142.4 0.09424
10 1.00 22.9620.105
1 1.50 178.28924 0.013
1.502 89.14424 0. 027
3 1.50 59.43024 0.040
4 1.50 44-0-2-24 0.054







































119.622243.501 0.020 59.8 1 1C. 040243.502
39,87424 0.0603.503
4 29.90524 0.0803.50








38.0413 24 C.0634.00/1.00 28.530C. 0844 24
22.824C. 1055 4.00 24
19.0206 C. 126244.00
16.3037 24 C. 1474.00
14.2658 24 C. 1684.00




36._61 5C. 066243 4.50
27.461C.0874 244.50























































97.652C.031303 0.75 30 73.239C. 0414 0.75




















38.0 5 80.0795 301.50
C. 095 31.7156 1.50 30









27.4376 30 C. 1092.00
23.5 17C. 1287 302.00
20.57830 C. 1468 2.00
18.2919 30 C. 1642.00


















17.369308 3.00 C. 173
15.439309 3.00 C. 194
13.896.3010 3.00 0.216
131.622301 3.50 C. 023
65.8112 303.50 C. 046
71 43.8743.50 30 0.068
it 32.905C. 0913.50 30
26.3245 C. 1 143.50 30
21.9376- C. 1.373.50 30
18.8037 C.1603.50 30




63.061302 4.00 C. 048
42.041303 4.00 0.071
31.5304 30 C.0954.00
25.2245 304.00 C. 119
21.0206 30 C. 1434.00
18.0177 30 0.1674.00 15.765
8 4.00 C. 19030
14C. 2149 4.00 30
12.612C.2384.0010 30
121.844C. 0254.501 30
60.9224.50 C. 0492 30
3 0.0744.50 30 40.615
147
30.46 14.50 30 C. 092
4.505 24.36930 C. 123
6 4.50 20.30730 C. 148
4.507 C. 172 17.40630
4.50F. 15.231C. 19730
9 4.50 30 C. 222 13.538.4.50
10 C.24630 12.184
1 5.00 0.02530 118.422
2 5.00 C.051 59.21130
3 5.00 C.076 39.47430
4 5.00 30 C. 101 29.605
5 5.00 30 C. 127 23.684
30 19.7375.00 C. 152
7 5.00 30 16.917C. 177
305.00 C.203 14.803
9 305.00 C.228 13.158
10 30 11.8425.00 C.253
1 6.00 30 113.289C. 026
56.6442 6.00 30 C.053
3 6.00 37.76330 C.079
4 28.3226.00 30 C. 106
5 6.00 30 22.658C.132
6 306.00 18.881C. 159
30 16.1847 6.00 C. 185
14.1618 6.00 30 C.212
9 6.00 30 12.588C.238
10 11.3296.00 30 C.265
301 7.00 109.6220.027
54.8117.00 302 C. 055
7.003 30 C.082 36.541
4 7.00 27.40530 C. 109
21.9247.00 C. 13730
6 18.2707.00 C. 16430
7 7.00 15.66030 Co192
7.008 30 13.703C.219
9 7.00 30 12.180C.246
10 7.00 30 10.962C. 274
1 308.00 106.872C.028
8.00 302 53.436C. 056
308.00 35.6240.084
4 30 26.7188.00 C. 112
2.1.3 74308.005 C.1406 30 17.8128.00 C. 168
7 30 15.2678.00 C. 196
8 13.3598.00 30 C. 22.5
9 11.8758.00 30 C.253
10 10.6878.00 30 0.281
1 104.733309.00 30 52.367C.029
2 9.00 C.057
3 34.9119.00 30 C.086
4 26.1839.00 30 C. 115
5 20-9479.00 30 C. 143
6 17.4559.00 30 C. 172
7 14.9629.00 30 C. 20.1
8 9.00 13.09230 C.229
9 11.6379.00 30 C, 258
10.4739.0010 30 C. 286
302.9551 0.75 35 C.012
151.4780.752 35 C.023
100.9850.75 35 C. 0 35
_3




37.8698 0.75 35 C. 092
33.662C. 1 049 0.75 35
148




62.9054 1.00 35 C.0565 50.3241.00 35 C.070





1 35 C.0171.50 200.289
352 0.035 100.1441.50
3 35 66.763C. 0521.50
354 50.0721.50 C.070
5 35 40.0581:50 C.087
b 35 C.105 33.3811.50
35 C.122 28.6131.50
35 C. 140 25.0361.50
9 35 22.2541.50 C. 157
10 35 C. 175 20.0291.50
174.6221 35 C.0202.00
35 87.3112.002 C.040




357 C. 1402.00 24.946
35 C.160 21.8288 2.00
35 19.4029 2.00 C. 180
17.462C.2002.00 3510














29.7915 3.00 35 C.117













9 353.50 C. 222 15.736
14.16210 3.50 35 C.247















43.9483 4. 50 C.08035
4 32.9614 .50 35 C. 106
5 4.50 35 C. 133 26.369
4.50 35 21.974C. 159
354.50 C. 186 18.835
4.50 35 C.212 160.481
q 354.50 0.239 14.649
35to 4.50 C.265 13.184




5 355.00 C.136 25.684
5.00 356 21.404C.164
7 5.00 35 C.191 18.346
358 16.0535.00 C.218
35 14.2695.00 C.245
35 12.8425.0010 C. 273
356.001 C. 028 123.289
35 61.6446.00 C.0572
35 41.0963 6.00 C. 085
6.00 35 C. 114 30.8224
5 6.0.0 C.14235 24.658
6.00 C. 170 20.54835
6.00 C. 199 17.61367 35
15.4116.008 C.22735
9 6.00 35 C.255 13.599
.12.3296.0010 35 C.284
7.001 119C.02935
7.00 352 C. 059
35 39.8743 7.00 C. 088
354 7.00 29.905C. 117
35 23.9245 7.00 C. 146
35 19.9376 7.00 C. 176
7 35 17.089C.2057.00
14.9538 357.00 C.234
13.2919 7.00 35 C.263
11.9627.00 3510 C.293
.116. 8721 8.00 35 C. 030
58.4362 8.00 35 C. 060
3 8.00 35 C. 090 38.957
29.2184 8.00 35
23.3745 8.00 35 C.120C.150






57.3672 359.00 C. 061
38.2443 9.00 35 C.092
28.6834 9.00 35 C.122















2 0.7 40 156.478C.026
3 0. 75 40 104.3 1 8C. 038
4 0.75 40 78.239c.051
0.75 4 0 62.591C.064
0.75 40 C.077 52.159
7 0.75 4 0 C. 089 44.708
8 0.75 40 C. 102 39.119
9 40 C. 115 34.773
10 0.750.75 40 0.128 31.296
1 1.00 40 C.015 261.622
2 1.00 40 C. 031 130.811
3 1.00 40 C. 046 87.207
4 1.00 40 C.061 65.405
5 1.00 40 C.076 52.324
6 1.00 40 C. 092 43.6047 1.00 40 C. 107 37.375
1.00 40 C. 122 32.703
9 1.00 40 C. 138 29.069
10 1.00 40 C. 153 26.162
1 1.50 40 C.019 210.289
2 1.50 40 C.038 105.144
3 1.50 40 C.057 70.096
401.50 C.076 52.572
1.50 40 C.095 42.058
6 1.50 40 C.114 35.048
7 1.50 40 C. 133 30.041
8 1.50 40 C. 152 26.286
9 1.50 40 C. 171 23.365
10 1.50 40 C. 190 21.029
1 2.00 40 184.622C.022
2 2.00 40 C. 043 92.311
3 2.00 40 C.065 61.541
4 2.00 40 C.087 46.155
5 2.00 40 C. 108 36.924
6 2.00 40 C. 130 30.770
7 2.00 40 C.152 26.37523.0788 2.00 40 C.173
9 2.00 40 20.514C. 195
10 2.00 40 18.462C.217
1 2.50 40 C.024 169.222
2 2.50 40 84.611C.047
3 2.50 40 56-407C. 0714 2.50 40 42.305c. 095
5 2.50 40 33.844C. 118
6 2.50 40 28.204C. 142
7 2.50 40 24.175C. 165
8 2.50 40 21.153C. 189
2.50_ 18.80240 C. 213
2.50 40 16.922-C.236
1 158.9 553.00 40 C. 025
2 3.00 40 79.478C. 050
3 3.00 40 52.9850.075
4 3.00 39.73940 C. 101
5 3.00 40 31-791C. 126
_26.4936 3.00 40 C. 151
7 3.00 40 22.708C.176
1 3.00 40 19.8690.201
9 3.00 40 17.6620.22610 3.00 40 15.896C. 252
1. 40 151.522C. 0263.5.0.-
2 3.50 75.81140 0.053
3 3.50 50.54140 0.079
4 3.50 37.90540 C. 106
5 3.50 40 30.324C. 132
3.50 25..27040 C. 158









































22.21540 C. 1806 6.00
19.04140 C.2107 6.00
16.66140 C. 2406.00











12.96240 C. 30910 7.00
126.872401 0.0328.00 63.436402 C.0638.00
42.29140 C.0953 8.00
31.718404 C. 1268.00
25.3.7440 C. 1585 8.00
















9.00 40 C. 123 31.183
5 9.00 40 C. 160 24.94?
9.00 40 C. 192 20.789
9.00 4 0--7 C. 224 17.819
9.00 4 0 C-257 15.592C) 9.00 40 C.289 13.85 9
10 9.00 4n C. 321 12.473
1 0.75 50 C.015 332.955
2 0.75 50 C. 030 166.478
3 0.75 50 C. 04.5 110.985
0.75 50 C. 060 83.239
5 0.75 50 C.075 66.5 9 1
6 0.75 50 C. 090 55.493
7 0.75 50 C. 105 47.565
8 0.75 50 C. 120 41.619
9 0.75 50 C. 135 36.995
10 0.75 50 C. 150 33.296
1 1.00 50 C.018 281.622
2 1.00 50 C. 036 1-40.811
3 1.00 50 93.874C. 053
4 1.00 50 C. 0'71 70.405
5_..6 1.00 50 0.089 56.324
501.00 46.937C. 107
7 1.00 50 40.232
._C•-1-24-F 1.00 50 35.203C. 142
9 1.00 50 31.291C. 160
10 1.00 50 28.162C. 178
1 1.50 50 230.2 8 9C. 022
2 1.50 50 115.144C.043
3 1.50 50 76.763C. 06
4 1.50 50 57.572C. 087
5 1.50 50 46.058C. 109
6 1.50 50 C. 130 38.381
7 1.50 50 C. 152 32-898
8 1.50 50 28.786C. 174
1.50 50 C.-195 25.588
10 1.50 50 23.029C.217
1 2.00 50 204.622C.024
2 2.00 50 102.311C. 049
3 2.00 50 68.207C. 073
4 2.00 50 51.155C.098
5 2.00 50 40.924C..122
6 2.00 50 34.104C. 147
7 502.00 29.232C.171
8 2.00 50 25.578C. 195
9 2.00 50 22.736C.220
10 2.00 50 20.462C. 244
1 50 C. 026 189.222
2 2.52.50_ 94.61150 C.053
3 2..50 63.07450 C. 079
4 2.50 47.30550 C. 106
5 2.50 50 37.844C. 132
6 2.50 50 31.537C. 159
7 2.50 50 27.032C. 185
8 502.50 23.653C.211
9 502.50 21.025C.238
10 2.50 50 18.922C-264
1 3.00 178.95550 C. 028
2 89.4783.C0 50 C. 056
3 3.00 59.65250 0.084
4 3.00 44.73950 C.1125 3.00 35.79150 C. 140
6 3.00 29.82650 C. 168




10 3.00 50 0.279 17.896
1 3.50 50 0.029 171.522
2 3.50 30 85.8110.058
3 3.50 50 0.087 57.207
3.50 50 42.9050.117
5 3.50 50 0.146 34.324
6 3.50 50 0.175 28.04
7 3.50 50 0.204 24.517
8 3.50 50 0.233 21.453
9 3.50 50 0.262 19.069
10 3.50 50 0.291 17.162
1 4.00 50 166.1220.030
2 4.00 50 83.0610.060
3 4.00 50 55.3740.090
4 504.00 41.5300.120
5 4.00 50 33.2240.150
6 504.00 0.181 27.687
507 4.00 0.211 23.732
504.00 0.241 20.765
9 4.00 50 18.4580. 271
10 4.00 50 0.301 16.612
501 4.50 0.031 161.844
2 4.50 50 80.9220.062
504.50 53.9480.093
4 4.50 50 40.4610.124
5 4.50 50 32.3690.154
6 4.50 50 26.9740.1857 4.50 50 23.1210.216
8 4.50 50 20.231C. 247
9 4.50 50 17.9830.273
10 4.50 50 16.1840.309
1 5.00 50 158.422C.032
2 5.00 79.2 1 150 C. 063
3 5.00 52.80750 C. 095




7 5.00 5050 22.632C.221
8 5.00 50 19.803C-252
9 5.00 50 17.602C.284
10 5.00 50 15.8420. 316
1 6.00 50 153.2890.033
2 6.00 50 76.6440.065
3 6.00 50 51.3960. 098
4 6.00 50 38.3220. 130
5 6.00 50 30.6580. 163
6 6.00 50 25,5480. 196
7 6.00 50 0.228 21.8988 6.00 50 19.1610.261
9 6.00 50 0.294 17.032
10 6.00 50 15.321-0. 326
1 7.00 50 149.6220.033
2 507.00 74.81 10. 067
3 7.00 50 49.8740. 1007.00
4 50 37.4050. 134
5 7.00 50 29.9240. 167
6 507.00 24.9370. 201
7 7.00 50 21.3750. 2347.008 18.70350 0.267
9 16.6257.00 50 0.301 14.962
10 7.00 50 0.334
1 8.00 146.87250 0.034
2 8.00 73.43 650 0.068
3 48.95750 0.1028.00 36.718
4 8.00 0.136005 29.3745050 0.
153
154
6 8.00 50 0.204 24.479
7 8.00 50 0.238 20.982
8 8.00 50 0.272 18.359
9 8.00 50 0.306 16.319
10 8.00 50 0.340 14.687
1 9.00 50 0.035 144.733
2 9.00 50 0.069 72.367
3 9.00 50 0.104 48.244
4 9.00 50 0.138 36.183
5 9.00 50 0.173 28.947
6 9.00 50 0.207 24.122
7 9.00 50 0.242 20.676
8 9.00 50 0.276 18.092
9 9.00 50 0.311 16.081
10 9.00 50 0.345 14.473
1 0.75 60 0.017 352.955
2 0.75 60 0.034 176.478
3 0.75 60 0.051 11.652
4 0.75 60 0.068 88.239
5 0.75 60 0.085 73.59
6 0.75 60 0.102 58.826
7 0.75 60 0.119 50.422
8 0.75 60 0.136 44.119
9 0.75 60 0.153 39.217
10 0.75 60 0.170 35.296
1 1.00 60 0.020 301.622
2 1.00 60 0.040 150.811
3 1.00 60 0.060 100.541
4 1.00 60 0.80 75.405
5 1.00 60 0.099 60.324
6 1.00 60 0.119 50.270
7 1.00 60 0.139 43.089
8 1.00 60 0.159 37.703
9 1.00 60 0.179 33.514
10 1.00 60 0.199 30.162
1 1.50 60 0.024 250.289
2 1.50 60 0.048 125.144
3 1.50 60 0.072 83.430
4 1.50 60 0.96 62.572
5 1.50 60 0.120 50.058
6 1.50 60 0.144 41.715
7 1.50 60 0.168 35.756
8 1.50 60 0.192 31.286
9 1.50 60 0.216 27.810
10 1.50 60 0.240 25.029
1 2.00 60 0.027 224.622
2 2.00 60 0.053 112.311
3 2.00 60 0.080 74.874
4 2.00 60 0.107 56.155
5 2.00 60 0.134 44.924
6 2.00 60 0.160 37.437
7 2.00 60 0.187 32.089
8 2.00 60 0.214 28.078
9 2.00 60 0.240 24.958
10 2.00 60 0.267 22.462
1 2.50 60 0.029 209.222
2 2.50 60 0.057 104.611
3 2.50 60 0.086 69.741
4 2.50 60 0.115 52.305
5 2.50 60 0.143 41.844
6 2.50 60 0.172 34.870
7 2.50 60 0.201 29.889
8 2.50 60 0.229 26.153
9 2.50 60 0.258 23.247
10 2.50 60 0.287 20.922
1 3.00 60 0.030 198.955
155
3.00 99.47860 C. 060
3 3.00 66.3.1860 C. 090
4 3.00 60 49.739C. 121
5 3.00 60 39.791C. 151
6 3.00 60 C. 181 33.159
7 3.0C 60 C.21I 28,422
3.00 60 0.241 24.869
9 3.00 60 C.271 22.106
10 3.00 60 C. 302 19.896
1 3.50 60 0.031 191.622
2 3.50 60 C. 063 95.811
3
___3.50 60 C.094 63.874
3.50 60 C. 125 47.905
5 3.50 60 C. 157 38.324
6 3.50 60 31.937C. 188




10 3.50 60 19.162C.313
1 4.00 60 C.032 186.122
2 4.00 60 93.D61C. 064
3- 4.00 60 62.0 41C. 097
4 4.00 60 46.530C.129
5 4.00 60 37.224C. 161
6 4.00 60 31.020Co193
7 4.00 60 26.5890.226
8 4.00 60 23.265C.258
9 4.00 60 20.680C.290
10 4.00 60 18.612C. 322
1 4.50 60 181.844C033
4.50 60 90.922C.066
3 4.50 60 60.615C.099
4 4.50 60 45.461C. 132
5 4.50 60 36.3690..165
6 4.50 60 30.307C. 198
7 604.50 25.978C.231
B 4.50 60 22.7310.264
9 4.50 60 20.205C. 297
10 4.50 60 18.184C. 330
1 5.00 60 178.422C-034
L 5.00 60 89.211C. 067
3 5.00 60 59.474- - - C. 101
4 5.00 60 44.605C. 135
5 5.00 60 35.684C. 168
6 5.00 60 29.737C. 202
7 5.00 60 25.4C. 235
8 5.00 60 22.303C-269
9 5.00 60 19.825
_0.30310 5.00 60 17.842C. 336
1 6.00 60 C. 035 173.289
6.002 60 C. 069 86.644-
3 6.00 60 57.763C. 104
4 6.00 60 43.322C. 138
5 6_.00 60 34.658C. 173
_28.8816 6.00 60 C.208
7 6.00 60 24.756C.242
R 6.00 60 21.661C.277
9 6.00 60 19.254C. 312
10 17.3296.00 60 C. 346
1 169.62260 C.0357.00_
2 84.8 f f7.00 60 C. 071
3 56.5 4 17.00 60 C. 106
4 7.00 42.40560 co 141
5 7.00 33.92460 C. 177
6 7.00 28.27060 C. 212
7 7.00 24.23260 C. 248
156
OO 7.00 21.20360 C.2833 7.00 18.84760 C.318
10 7.00 16.96260 C.354
1 8.00 60 166.872C.03E
8.00 83.43660 C.072
3 8.00 60 C.108 55.624
8.00 41.71860 C.14
5 8.00 60 33.374C.18C
6 8.00 60 27.812C.216
7 8.00 60 C.252 23.839
8 8.00 60 C.288 20.859
9 8.00 60 C. 324 18.541
608.00 16.587C.360
10 9.00 60 164.7330.03699.00 60 82.367C.073
3 9.00 60 54.911C.109
4 9.00 60 41.183C.146
9.00 605 32.947C.182
6 9.00 60 27.455C.219
7 9.00 60 23.5330.255
8 9.00 60 20.592C.291
9 9.00 60 18.304C.328
9.0010 60 16.473C. 364
1 700.75 372.9550.019
2 0.75 70 186.478C.038
3 0.75 70 124.3180.056
4 0.75 93.23970 C.075
5 0.75 74.59170 0.094
6 0.75 70 62.159C.113
7 0.75 70 53.2790.131
8 0.75 46.61970 C.150
0 0.75 41.43970 C.169
10 0.75 37.29670 C.188
1 1.00 70 321.622C.022
2 1.00 70 160.811C.044
3 1.00 70 107.207C.065
4 1.00 70 80.405C.087
5 1.00 70 64.324C.109
6 1.00 70 53.604C.131
7 1.00 70 45.946C.152
8 1.00 70 40.203C.174
1.00 70 35.736C.196
10 1.00 70 32.1620.218
1 1.50 70 270.289C.026
2 1.50 70 135.144C.052
3 1.50 70 90.096C.078
4 1.50 67.57270 C.104
5 1.50 54.05870 C.129
6 1.50 45.04870 C.155
7 1.50 38.61370 C.181
8 1.50 33.78670 C.207
9 1.50 30.03270 C.233
10 1.50 27.02970 C.259
1 2.00 244.62270 0.029
2 122.3112.00 70 C.057
81.5413 702.00 C.086
61.1554 702.00 C. 114
48.9245 2.00 70 C.143
40.7706 2.00 70 C.172
34.9467 2.00 70 C.200 30.578
2.00 70 C.229
9 27.1802.00 70 C.258
10 24.4622.00 70 C.286
1 2.5.0 229.22270 C.031
114.6112 2.50 70 C.061
3 2.50 76.407C.09270
157
57.3054 2. 50 70 C. 122
45.8445 702.50 C. 153
38.2046 2.50 70 C. 183
7 32.7462.50 70 C.214
28.6538 2.50 C. 24470
25.4692.50 70 0.275
_3.0




4 54.7393.00 70 C. 128
43.791705 0.1603.00
36.493706 3.00 C. 192
31.279707 3.00 0.224
708 27.3693.00 C. 2.56
9 70 24.328S-00 C.283
70 21.89610 3.00 C. 320
70 211.6.223_.501
__C._03,3
70 105-8113.502 C. 066
70.541703.503 C.099
52.905704 3.50 C. 132
42.324703.505 C. 165
70 35.2706 3.50 C. 198
30.23.2707 3.50 0.232
C .0265 26.453708 3.50
23.5149 703.50 C. 298
70 21.16210 3.50 C. 331
206.122704.001 C.034
103.0 6 1704.002 C. 068
703 4.00 68.707C. 102
51.530704.00 C. 136
41.2244.005 70 C. 170
b 4.00 70 34.354C.204
7 4.00 70 29.446C.238
708 4.00 25.765C.272
709 4.00 c.306 22.902
4.00 010 20.612C. 340
4.50 701 201.844C.035
702 4.50 100.922C.069
703 4.50 C. 104 67.2 81





9 22.4274.50 70 C.312
20.18410 4.50 70 C. 347
198.4221 5.00 C. 03570
9 9.21 15.002 C. 07170
66.14.15.003 C. 10670
49.60.54 5.00 70 C. 141
39.6845.005 70 0.176
33.0706 5.00 70 C. 212
28.3467 5.00 70 C. 24 7
-24.80.3
8 5.00 70 C.282
22.047709 5.00 C.318
19.8425.00 7010 C. 353
193.289701 6.00 C.036
96.644706.002 C.072
64.4303 6.00 0. 10970 3224 6.00 C. 145
38.65832.2155 6.00 70 C. 181
6 6.00 70 C.217
27.6136.007 24.16.1.70 1.254
6.008 70 0.290
21.4779 6.00 70 C. 326
3.00
158




4 7.00 47.40570 C.148
5 37.9247.00 70 C.185
6 7.00 31.60470 C.221
7 7.00 70 27.089C.258
8 7.00 70 23.703C.295
9 7.00 70 C.332 21.069
10 7.00 70 18.962C.369
1 8.00 70 186.8720.037
702 8.00 93.436C.075
703 62.2918.00 C.112
4 70 46.7188.00 C.150
5 70 37.3748.00 C.187
6 70 31.1458.00 C.225
70 26.6967 8.00 C.262
8 23.359708.00 C.300
9 8.00 20.76470 C.337
8.00 70 18.58710 C.375
9.00 184.7.3370 C.038
92.3679.00 702 C.076




26.3907 9.00 70 C.265
23.0928 9.00 70 C.303
20.5.269 9.00 70 C.341
18.47310 9.00 70 C.3790.75 392.9551 80 C.020





7 0.75 80 56.136C.143
808 0.75 49.119C.163




3 1.00 80 113.874C.070








1.00 34.16210 80 C.234
1.501 290.28980 C.028
1.502 80 145.144C.055
96.7633 1.50 80 C.083
4 72.5721.50 80 C.110
58.0581.505 80 C.138
48.3816 1.50 80 C.165
41.4707 1.50 80 C.193
8 36.2861.50 80 C.220
9 1.50 32.25480 0.248 29.029
10 1.50 80 0.276
1 2.00 C.03080 264.622














888C, C. 242 33.078
2-O0 80 C.272 29.402
1O 2.00 80 C. 302 26.462
1 80 C.0322.50 249.222-
80 C. 064 124.61 1
3 80 C.096 83.074
4 2.5( 80 C. 128 62.305
5 2.5( 8 0 C. 160 49.844
6 2.5( 80 C. 193 41.537
7 . 5( 80 C.225 35.603
2.5( 80 C. 257 31.153
9 2.51 80 C. 289 27.691
10 2.5( 80 C.321 24.922
1 3'. OC 80 C.033 238.955
2 3.OC 80 C. 067 119.478
3 3.0C 80 C. 100 79.652
4 3.0( 80 C. 134 59.7 39
5 3.OC 80 C. 167 47.791
6 3.OC 80 C. 201 39.826
7 3.OC 80 0.234 34.136
3.0 C 80 C.268 29.869
9 80 C. 301_3.OC
-2.6.55110 3.OC 80 C. 335 23896
1 3. 5C 80 C. 035 231.622
2 3.S0 80 C.069 115.811
3 3.50 80 C. 104 77.207
4 3.50 80 C. 138 57.905
3.50_5 80 C. 173
-_46.-3246 3.50 80 -C 207 38.604
7 3.50 80 0.242 33.089
8 3.50 80 C.276 28.9539 3.5C 80 C.311 25.736
10 3.50 80 C. 345 23.162
1 80 (.035-.-4,..00 226.1222 4.00 80 0.071 113.0613 4.00 80 C. 106 75.374
4.00 80 C. 142 56.5305 4.00 80 C. 177 45.2246 4.00 80 C.212 37.687
7 4.00 80 C.248 32.3038 4.00 80 C.283 28.2659 4.00 80 C.318 25.12510 4.00 80 C.354 22.6121 4.50 80 C. 036 221.8442 4.50 80 0.072 110.922
3 4.50 80 C. 108 73.948
4.50 80 0..144 55.4615 4.50 80 C. 180 44.3696 4.50 80 c.216 36.9747 4.50 80 C.252 31.6928 4.50 80 C.288 27.7319 4.50 80 C. 325 24.64910 4.50 80 C. 361 22.1841 5.00 80 0.037 218.422
2 5.00 80 C.073 109.2113 5.00 80 0.110 72.804 5.00 80 C. 147 54,5055 5.00 80 C. 183 43.6846 5.00 80 C.220 36.4047 5.00 80
_C.256
__31.2.038 5.00 80 C. 293 27-3039 5.00 80 C.330 24.26921.84210 5.00 80 0.366
1 6.00 80 2.13.289
_C.038
160
2 o.00 80 C.07` 106.644
3 6.00 8 0 C.113 71.096
4 6.00 80 C. 15( 53-322
5 6.00 so C. 18P 42.6586 6.00 80 C.22 35.5487 6. 0 0 80 C.2 6.3 3.0.4.7 C8 6.00 80 C.300 26.6619 6.00 80 C. 338 23.69910 6.00 80 C. 37 21.3291 7,00 80 C.03E 209.6222 7.00 80 C.076 104.8113 7.00 80 C. 114 69.8744 7.00 80 C. 153 52.4055 7.00 80 C. 191 41.9246 7.00 80 C.229 34.9377 7.00 80 C. 267 29.9463 7.00 80 C. 305 26.2039 7.00 80 0.343 23.29.1l0 7.00 80 20.9621 8.00 90 C.38C.039 206.872
3.00 80 C.077 103.4363 3.00 80 C. 116 68.9574 8.00 80 C. 155 51.718c 8.00 80 C. 193 41.3746 8.00 80 C.232 34.4797 8.00 80 C.271 29.5538 3.00 80 0.309 25.8599 8.00 80 C. 348 22.98610 8.00 80 C. 387 20.5871- 9.00 80 C.039 204.7332 9.00 80 0.078 102..3673 9.00 80 C. 117 68.2444 9.00 80 C. 156 51.183
9.00 so C. 195 40.9476 9.00 80 C-234 34.1227 9.00 80 C.274 29.248R, 9.00 80 C. 313 25.5929 9.00 80 C.352 22.74810 9.00 80 C.391 20.4731 0.75 90 C. 022 412.955
0.75 90 0.044 206.4783 0.75 90 C.065 137.6524 0.75 90 C. 087 103.2395 0.75 90 C. 109 82.5916 0.75 90 C. 131 68.8267 0.75 90 C. 153 58.9948 0.75 90 C. 174 51-6199 0.75_ 90 C.196 88410 U.75 90 C.218 41.2961 1.00 90 C.025 361.6222 1.00 90 C. 050 180-8113 1.00 90 C. 075 120.5414 1.00 90 C. 100 90.4055 1.00 90 C. 124 72.3246 1.00. 90 C. 149 60.2707 1.00 90 C. 174 51.6608 1.00 90 C. 199 45.2039 1.00 90 0.224 40.18010 1.00 90 C.249 36.16213 1.50 9 CC.0.2.9 310.2892 1.50 90 0.058 155.144
1.50 90 C.087 103.4304 1.50 90 C. 116 77.5 725 90 C. 1451.50 62.0586 1050 90 0.174 51.7157 1.50 90 C..203 44.327
161
38.7861.50 C. 23290




3 C. 09 5902.00 94.8 74






10 90 C. 316 28.4622.00
1 269.22290 C. 0332.50
2 C. 067 134.61 1902.50
3 89.74190 C. 1002.50
4 67.30590 C. 1342.50
5 53.844C, 167902.50
6 44.87090 C. 20.12.50
7 38.46090 C.2342.50
33.65390 C.2672.50
9 90 C. 301 29.914---- 2.50
90 C. 334 26.9222.50
C.35.90 258.955.3.00
21 1290478C.070903.00
3 C. 104 86.318903.00
4 C.139 64.739903.00
5 C. 174 51.791903.00
6 C. 209 43.159903.00
7 90 243 36.99.43.00
8 90 32.369C.2783.00
9 28.77390 C.3133.00
10 C. 348 25.896903.00
1 90 251.622C. 0363.50
2 90 C. 072 125.8113.50
3 90 C.1O7 83.8743.50
4 62.90590 C. 1433.50
5 50.324C. 179903.50
6 90 0.215 41.9373.50





1 C.0374.00 90 246.122
2 90 C.073 123.0614.00
3 90 C. 110 82.0414.00
4 90 61.530C. 1464.00
5 90 C.183 49,2244.006 0.219 41.020904.00
7 C.256 35.160904.00
8 90 C.2934.00 30.765
9 4.00 90 C.329 27.347
10 904.00 C. 366 24.612
1 C. 03790 241.8444.50
2 C. 074904.50 120.922
3 90 C. 112 80.6 1 54.504 90 60.461C. 1494.50
5 90 C. 186 48.3694.50
90 0.223 40.3074.50
6 7 34.5494.50 90 C.260.8 C.298 30-2314.50 90
9 90 C. 3354.50 26.872
10 90 C. 372 24.1844.50
1 C.O38905.00 2_38.422
2 90 C. 075 119.2115.00




39.7375.00 0.226907 34.0605.00 C. 26490
29.8035.008 C. 30290
9 26. 491C. 3405.00 90
23.842C.37710 5.00 90
233.2891 C.0396.00 90
116.6442 0.0776.0 0 90
77.7633 C. 1166.00 90
4 58.322C. 1546.00 90












































SECTION (2) : TO STL'CY THE CONST'AI,NT OF LIFT SPEED
HANCLING CAPACITY
NUMBERCF LIFT SPEED LIFT CAPACITY IN PERCENTAGEOF INTERVAL
LIFTS IN M/S POPULATIONINPERSONS IN SECONDS
1 2.50 C.01112 113.222
2 2.50 12 C. 021 56.611
3 2.50 12 (.032 37.7414 2.50 12 C. 042 28.305
5 2.50 12 C.053 22.644
6 2.50 12 C.064 18.870
7 0.0742.50 12 16.175
8 2. 50 12 0.085 14.153
9 2.50 12 c.095 12.580
2.50 12 C. 10610 11.322
1 3.00 12 C.012 102.955
2 3.00 12 C.023 51.478
3 3.00 12 0.035 34.318
4 3.00 12 25.739C.047
3.00 12 C. 058 20.591
6 3.00 12 C.070 17.159
7 3.00 12 C.082 14.708
8 3.00 12 C. 093 12.869
9 3.00 12 C. 105 11.439
10 3.00 12 C.117 10.2961 3.50 12 C.013 95.622
2 3.50 12 C.025 47.811
3 3.50 12 C.038 31.874
4 3.50 12 0.050 23.905
5 3.50 12 C.063 19.124
6- - 12 15.9373.50 C. 075
3. 0 12 C.088 13.560
8 3.50 12 C. 100 11.953
9 3.50 12 C.113 10.625
10 3. 50 12 C.125 9.562
1 4.00 12 C.013 90.122
2 12 45.0614.00 0.027
4.00 12 C. 040 30.041
4 4.00 12 C. 0.53 22.530
5 4.00 12 C.067 18.024
6 4.00 12 C.080 15.0207 4.00 12 C. 093 12.875
8 4.00 C.10712 11.265
9 4.00 12 C. 120 10.014
10 4.00 12 C. 133 9.012
1 4.50 12 0.014 85.844
2 4.50 12 C.028 42.922
3 4.50 12 C. 042 28.515
4.50 12 0.056 21.461
5 4 .70 12 C. 070 17.169
6 4.50 12 C.084 14.3.07
7 4.50 12 0.098 12.263
8 4.50 12 0.112 10.731
.9 4.50 12 C. 126 9.538










13. 7.3.75.00 126 C. 087
11.775C. 1025.00 127
10.303C. 116125.008
9.1585.00 C. 1319 12
C. 146 8.2425.00 1210
121.222C.0132. 50 161
C. 026 60.611162 2.50
40.407C. 040163 2.50
30.30516 C. 0534 2.50
24.24416 C. 0665 2.50
16 C. 079 2.0.2046 2.50
17.31716 C.0927 2.50
C. 106 15.153162.508
C. 119 13.4699 162.50







-f C. 101 15.851163.00
C. 115 13.8693.00 16
C. 130 12.3289 3.00 16





C. 077 20.7245 3.50 16
16 17.2703.506--7 C.093
1E, C. 108 14.8033.50
C. 124 12.953163.508
16 C. 139 11.5149 3.50




C. 0654 16 24.5304.00
r C. 082J 19.5244.00 16
C. 0986 16.3544.00 16
C. 114 14.0177 4.00 16
C. 130 12.2658 164.00
C. 1479 10.9024.00 16
C. 163 9.81210 4.00 16
93.844C.0171 4.50 16
C.034 46.9222 4.50 16
31-281C.0513 4.50 16
23.461C.068164 _ 4.50
C. 085 18.769165 4.50
C. 102 15.641166 4.50
C. 119 13.406.167 4.50
C. 136 11.731168 4.50







6 5.00 16 C. 106 51.070,
16666665
7 5.00 16 C. 124 12.917
5.00 16 C. 142 1.1.303
9 5.00 116 C. 159 10.047
10 5.00 16 C. 177 9.0420
2.50 20 C.015 129.222
2 2.50 20 C.031 64.611-3 2.50
C. 04620 43.074
It 2.50 C.06220 32.305
5 2.50 C.07720 25.844
6 2.50 C. 09320 21.537
7 2.50 20 C. 108 18.460
8 2.50 20 C. 124 16.153
2.50 20 C. 139 14.358
1t) 2.50 20 C. 155 12.922
1 3.00 20 C.017 118.955
2 3.00 20 C.034 59.478
3 3 00 20 C.050 39.652
4 00 20
_C. 067 29_. 739-
5 3.00 20 C.084 23.791
6 3.00 20 C. 101 19.826
7 3.00 20 C. 118 16.994
8 3.00 20 14.869C. 135
9 3.00 20 13.217C. 151
10 3.00 20 C. 1.68
_11.396
1 __ 3.50 20 C.018 111.622
3.502 20 55.811C.036
3 3.50 20 C. 054 37.207
4 3.50 C.07220 27.905
5 3.50 C. 090 22.32420
3. 906 20 18.604C. 108
7 3.50 C. 12520 15.946
3.50 C. 14320 13.953
9 3.50 C. 16120 12.402
10 3.50 C. 17920 11.162
1 4.00 20 0.019 106.122
2-3 4.00 20 53.061
_C._038
4.00 20 3543740.057
4 4.00 20 26.5300.075
5 4.00 20 C. 094 21.224
6 4.00 20 C. 113 17.687
7 4.00 20 15.160C. 132
9 _ 4..00 20 C.151 13.265
9 4.00 20 C. 170 11.791
10 4.00 20 C. 188 10.612
1 4.50 20 C. 020 101.844
2 4.50 C. 03920 50.922
3 4.50 C.05920 33.948
4 0.079 25.4612-0---4.50
5 4.50 C. 098 20.36920
6 4.50 C.11820 16.974
7 4.50 C. 13720 14.549
8 4.50 C. 157 12.73120
9 C. 1774.50 11.31620
10 4.50 C. 196 10.18420
1 5.00 98.42220 C.020
2 5.00 49.21120 C.041
3 32.8075.00 20 0.061
4 5.00 20 C..081 24.605
5 5.00 19.5840I- 0.102
C. 1225.00 16.404
_6 20-
C. 1427 5.00 14.06020
8 C. 1635.00 12.30320
5.00 C. 183 10.93620
10-- C.2035.00 9.84220
1 C.0172.50 24 137,222
2 2.50 C.03524 6-8.61 1
166
3 2.50 24 C.052 45.741
4 C.070 34.3052.50 2
5 2.50 24 27.444C.087
6 2.50 24 C.105 22.870
7 2.50 C.12224 19.503
8 2.50 C.14024 17.153
9 2.50 C.15724 15.247
10 2.50 C.17524 13.722
1 3.00 C.01924 126.955
3.00 0.0382 24 63.478
3 3.00 C. 05724 42.318
4 243.00 C.076 31.739
5 C.0953.00 24 25.391
6 3.00 24 C. 113 21.159
7 1 00 24 C. 132 18.136
8 3'.00 24 C. 151 15.869
9 3.00 24 C.170 14.106
3.00 24 C. 18910 12.696
1 3.50 24 0.020 119.622
3. 502 24 C. 040 59.811
3 3.50 24 C. 060 39.874
4 3.50 24 C. 080 29.905
5 3.50 24 C. 100 23.924
24 J.. 1120 19.9373.50
7 3.50 24 C. 140 17.089
248 3.50 C. 161 14..953
9 3.50 24 C. 181 13.291
10 3.50 24 C. 201 11.962
4.001 24 0.021 114.122
4.002 24 C. 042 57.061
4.003 C.06324 38.041
4 4.00 C. 08424 28.530
5 4.00 24 C. 105 22.824
6 4.00 24 C. 126 19.020
7 4.00 24 C. 147 16.303
4.003 24 14.265C.168 12.6809 4.00 24 C. 189
10 4.00 24 0.210 11.412
1 4.50 24 C.022 109.844
7 4.50 24 C. 044 54.922
3 4,50 24 C.066 36.615
4 4.50 24 C.087 27.461
5 4.50 24 C. 109
6 4.50 24 C. 131 21.96918.307
7 4.50 2.4 C.153 15.592
8 4.50 C. 17524 13.731
4.509 C.19724 12.205
10 4.50 24 10.984
_C.218
1 5.00 C.02324 106.422
2 5.00 C.04524 53.211
3 5.00 C. 06824 35.474
4 5.00 C.09024 26.605
5 5.00 C. 11324 21.284
6 C. 1355.00 24 17.73715.2037 C. 1585.00 24
3 C. 1805.00 24 13.303
9 5.00 24 C.203 11.825
10 5.00 24 C.226 10.642
1 C. 020302.50 149.222
2 C. 0402.50 30 74.611 .
3 2.50 C. 06030 49.741
4 2.50 30 0.080 37.305
5 2.50 C. 101 29.84430
6 2.50 30 C. 121 24.870
7 2.50 21.31730 C. 14.1
































14.0 1 4C. 2 14304.009
C.238 12.6124.00 3010





30 C. 148 20.3076 4.50
30 C. 172 17.4064.507
30 C. 197 15.2314.508
30 C. 222 13.5389 4.50
C.24630 12.1844.5010
C.02530 118.4225.00
C. 051 59.2115.00 302
C. 0765.00 30 39.4743
C. 1014 29.6055.00 30
5 C. 127 23.684305.00
C. 152 19.737305.00




C. 022 159.222351 2.50
79.511C.044352 2..50 35
C.066 53.0743 2.50
C. 088 39.805354 2.50
C. 110 31.844355 2.50
C. 13235 26.5376 2.50
C. 154 22.746357 2.50
19.903358 C.1762.50
17.6 91C. 198352.50




4 37.23935 C. 0943.00
168
35 29.7913.00 C. 1176 24 .826C. 1413.00 35
7 3. 00 C. 164 21.279
8 3.00 335 C.188 18.519
9 3.00 C.21135 16.551
3510 3.00 C.235 14.896
1 3.50 C.02535 141.622
C.0492 3.50 35 70.811
3 3.50 C.07435 47.207
4 3.50 C. 09935 35.405
5 3.50 35 C. 124 28.324
6 3.50 35 C. 148 23.504
7 3.50 35 C. 173 20.232
8 3.50 35 C. 198 17.703
9 3.50 35 15.736C. 222
10 3.50 35 0.247 14.162
1 4.00 35 C.026 136.122
4.002 35 C. 051 68.061
3 4.00 35 C.077 45.374
4.004 35 C. 103 34.030
5 4.00 35 C. 129 27.224
356 4.00 C. 154 22.687
357 4.00 C. 180 19.446
358 4.00 C.206 17.015
4.00 359 C.231 15.125
4.00 3510 C.257 13.612
4.50 351 0.027 131.844
4.50 35 C.0532 65.922
4.50 35 C.0803 43.948
4.50 35 C.1064 32.961
4.50 35 C. 133 26.369
6 4.50 35 C. 159 2.1.974
7 4.50 35 C. 186 18.835
4.509 35 C. 212 16.481
9 4.50 35 C.239 14.649
10 35 C.2654.50 13.18
355.00 0.027 128.422
355.00 64.2112 C.055
3 355.00 C.082 42.807
4 355.00 C. 109 32.105
355 5.00 C. 136 25.684
6 35 C. 164 21.4045.00
7 355.00 C. 191 18.346
8 35.5.00 C.218 16.053
9 5.00 35 0.245 14.269
10 5.00 35 C.273 12.842
1 2.50 40 C.024 169.222
2 40 C.047 84.5112.750




5 2.50 40 C. 118 33.844
6 2.50 C. 14240 28.204
7 2.50 40 C. 165 24.175
8 C. 1892.50 40 21.153
9 402.50 C.213 18.802
10 402.50 C.236 16.922
1 3.00 40 C. 025 158.955
40 C. 0502 3.00 79.478





6 C. 1513.00 40 26.493
7 3.00 40 C. 176 22.708
408 3.00 19.869
c.2019 3.00 40 C.226 17.662










50.5410. 0 79403 3.50
37.90540 0. 1063.504
30.324C. 1325 3.50 40
0. 158 25.270403.50
C. 185 21.660403.507







40 0. 137 29.2244.005
0. 16440 24.3546 4.00
40 0. 192 20.8754.007
40 0 .2 19.4.008 18.265
C.24640 16..2364.009
40 0. 274 14.6124.0010
0.02840 141.8444.501
404.50 0. 056 70.9222
40 0.085 47.2 8 14.503
40 0. 113 35.461.4.504
404.50 0. 141 28.3695
40 0.169 23.5414.506







5.00 C. 116 34.505404
C. 144 27.6845.00 405
405_.00 C.173 23.0706
19.77540 C.2025.00
















44.73950 C. 11.2.4 3.00 C.140
505 3.00
35.79129.826C. 168506 3.00
50 C. 196 25.5657 3.00
C.22450 22.3693 3.00
0.2.51 19,884509 3.00




C. 146 34.324505 3.50
C. 175506 3.50 43,504
170




4.00 50 C.030 166.122
4.00 C.060 83.061502
3 4.00 50 C.090 55.374
4 4.00 50 C.120 41.530
5 4.00 50 C.150 33.224
6 4.00 50 C. 181 27.687
7 4.00 50 C.211 23.732
8 4.00 50 0.241 20.765
9 4.00 50 C.271 18.458
10 4.00 50 C..301 16.61210
1 4.50 50 C.031 161.844
4.50 50 C.062 80.922
3 C.0934.50 50 53.948
50 40.4614 4.50 C.124
5 504.50 0.154 32.369
506 4.50 C.185 26.974






5.00 503 C.095 52.807
504 5.00 C.126 39.605
5.005 50 C.158 31.684
6 5.00 50 C.189 26.404
7 5.00 50 C.221 22.632
508 5.00 C.252 19.803
9 5.00 50 C.284 17.602
5.00 5010 C.316 15.842
601 2.50 C.029 209.222
2.50 602 0.057 104.611
603 2.50 C.086 69.741
604 2.50 C.115 52.305
605 2.50 C.143 41.844
606 2.50 C.172 34.870
7 602.50 C.201 29.889
608 2.50 C.229 26.153
602.50 C.258 23.247
10 2.50 60 C.287 20.922
3.001 60 C.030 198.955
3.002 60 C.060 99.478
3 3.00 60 66.318C.090
4 3.00 60 C.121 49.739
3.00 60 C.151 39.791
6 3.00 60 C.181 33.159
7 3.00 60 C.211 28.422
8 3.00 60 C.241 24.869
9 3.00 60 C.271 22.106
10 3.00 60 C.302 19.896
603.50 C.031 191.622
2 603.50 C.063 95.811
3 603.50 C.094 63.874
4 603.50 C.125 47.905
5 603.50 C.157 38.324
6 603.50 C.188 31.937
7 60 C.2193.50 27.375
8 3.50 60 0.250 23.953
9 3.50 C.28260 21.291
10 3.50 C.31360 19.162
4.00 60 C.032 186.122
2 4.00 60 C.064 93.061
171
62.041C. 097604.003













60 C.231 25.9787 4.50
22.73160 C.2644.508
60 C.297 20.2054.509











229.2222.50 70 C. 0311
70 114.6112.50 C.O612
76.40770 C. 0922.503
4 57.30570 C. 1222.50




25.46970 C. 2759 2.50
22.92270 C. 30510 2.50
70 218.955C. 0321 3.00
109.47870 0.0643.002





3.00 70 C. 2568 27.369
9 3.00 70 C.288 24.328
10 70 21.8A3.00 C.320
0.0333.50 211.62270
C. 0662 3.50 70 105.811
3 3.50 C.099 70.54170
4 3.50 C. 13270 52.905
C. 165 42.3245 3.50 70
6 70 C. 1983.50 35.270TC.232
7 703.0.50 30.232
703.50 C.265 26.453
9 70 C. 298 23.5143.50
703. 5 0 C.33.1 21.16210
70t C.0344.00 206.122
70 C.068 103.0614.002 70 68.707
C. 1023 4.00
51.53070 C. 1364 4.00
5 co 170 41.2244.00 70
C.2046 4.00 70 34..354
70 C.238 29.4467 4.00









































































































































































































































































































































































90 0.107 83.8743 3.50
90 62.9054 0.1433.50
90 50.3245 0.1793.50





1 90 0.0387 246.1224.00
90 123.0612 4.00 0.073
3 4.00 90 0.110 82.041
61.5304.00 0.14690
5 49.2244.00 90 0.183
6 41.0204.00 90 0.219




















1 5 . 00 90 0 . 038 238 . 422
2 5 . 00 90 0 . 075 119 . 211
3 5 . 00 90 0 . 113 79 . 474
4 5 . 00 90 0 . 151 59 . 605
5 5 . 00 90 0 . 189 47 . 6846 5 . 00 90 0 . 226 39 . 737
7 5 . 00 90 0 . 264 34 . 060
8 5 . 00 90 0 . 302 29 . 803
9 5 . 00 90 0 . 340 26 . 491
10 5 . 00 90 0 . 377 23 . 842
175
SECTION{ 3): TO STUC Y THE CONSTRAINTOF THE HAN LL ING CA?A: I TY
HANCLING CAPACITY
I N PERCENTAGEOF INTERVALLIFT SPEED LIFT CAPACITYNUMBERCF
IN M/S POPULATIONLIFTS IN SECONDSIN PCRSANS
9.56212 C. 1253.5010
9_.01212 C. 1334.0010
4, .50. 9.53812 C. 1269
C. 140 8.5844.50 1210
C. 131 9.1585.00 129
5.00 C. 146 8.2421210
16 C. 132 12.1222.5010
163.00 12.3289
_C.130C. 1 4+416.. 11.0963.0010
16 C. 1243.50 12.9538
16 C. 139 11.5143.509
C. 130 12.2654.00 168
C. 147 10.9024.00 169
11.7.314.50 168 C. 13 6
12.917C. 1245.00 167
C. 142 11.3035.00 168
16.153C. 124202.508
14.358C. 1399 2.50 20
C. 135 14.8693.00 208
15.9460.1253.50 207
13.95320 C. 1433.50
15.1604.00 207 C. 132
20 14.5494.50 C. 1377
206 16.404C. 1225.00
20 14.0607 5.00 C. 142
7 24 19--6-0-3-2_.50^ .50 C.1- 22
17.1538 24 C. 140
18-1367 24 C. 1323.00
19.9376 24 C. 1203.50
17.0897 C. 1403.50 24
19.0206 4.00 C. 12624
16.3037 C.14724^4.00
18.3076 C. 1314.50 24
17.7376 5.00 C. 13524
6 24.870C. 1212.50 30
21.3177 2.50 30 C. 141
6 23.1593.00 30 C. 130
21-9376 3.50_ 30 C. 137
21.0206 4.00 30 C. 143
24.369305 4.50 C. 123
20.3076 304.50 C. 148
30 23.6845 5.00 C. 127
26.5376 35 C.1322.50
24.82.6_6 35, C. 1413.00
28.32435 C. 1245 3.50
23.5046 35 C.1483.50
27.22435 C. 1294.00
26.3695 4.50 C. 13335
5 5.00 C. 136 25.68435

















45.46160 C. 1324 4.50
44.60560 C. 1354 5.00


















SECTION (4): TO STUCY THE CONSTRAINT OF LIFT INTERVAL
HANDLING CAPACITY
IN PERCENTAGEOF INTERVALLIFT CAPACITYLIFT SPEEDNUMBERCF






























SECTIO (5): TO STUCY THE EFFECT OF SKIPPING ALTERNATING FLOORS
HANCLING CAPACITY
IN PERCENTAGEOF INTERVALLIFT CAPACITYLIFT SPEEDNUMBERCF



















SECTION (6): TO OPTIPISE THE LIFT MIX
(I) TO OPIIP1ISE THE SHAFT AREA
HANCLING CAPACITY
NUMBERCF LIFT SPEED LIFT CAPACITY IN PERCENTAGEOF INTERVAL
LIFTS INM/S INPERSONS PCPULATION IN SECONDS
3 4.50 20 C.120 33.233
3 5.00 20 C.125 32.092
(II) TO ECONOMISE THE LIFT COST
HANDLING CAPACLTY
NUMBEROF LIFT SPEED IN PERCENTAGEOFLIFT CAPACITY INTERVAL
LIFTS IN M/S INPERSONS POPULATION IN SECOUDS
3 4.50 20 C.120 33.233
180SECTION (7): TO STUDY THE EFFECT OF BANKING
(I) LCW ZONE: SERVING G-1--2-3-4-5-6--7-8-9-10 FLCORS
HANDL ING CAPACITY
NUMBERCF LIFT SPEED LIFT CAPACITY IN PERCENTAGEOF INTERVAL
LIFTS IN M/S INPER SONS POPULATION IN SECONDS
3 3.50 16 C. 121 26.492
3 4.00 16 C. 125 25.575
3 2.50 20 C.125 32.092
3 3.00 20 C. 132 30.381
3 3.50 20 C. 137 29.158
3 4.00 20 28.242C.142
3 2.50 24 0.138 34.758
3 3.00 24 C. 145 33.047
(I I) HIGH ZONE: SERVING G-11-12-13-14-15-16-17-18-19-20 FLOORS
HANCLING CAPACITY
NUMBERCF LIFT SPEED LIFT CAPACITY IN PERCENTAGEOF INTERVAL
LIFTS IN M/S INPER SONS POPULATION IN SECONDS
4 3.50 16 C. 126 25.3694 2.50 20 C. 126 31.7694 3.00 20 C. 137 29,202
4 3.50 20 C. 146 27.369
3 4.50 20 33.233C.1203 5.00 20 C. 125 32.092
4 2.50 24 C. 142 33.769
3.50 24 C. 123 39.158
3 4.00 24 C. 129 37.325
3 4.50 24 C. 134 35.899
3 5.00 24 C.138 34.758
3 2.50 30 C. 122 49.025
3 3.00 30 C. 132 45.603
3 3.50 30 C. 139 43.1583 4.00 30 C. 145 41.325
3 2.50 35 C. 134 52.358
3 353.00 C.143 48.936
3
181SECTION (8): TO STUCY THE EFFECT OF FLOOR SPLIT
( I) LOW ZONE: SERVING G-1-2-3-4-5-6-7-8-9-10-11-12 FLOORS
HANPLING CAPA.CITY
NUMBERCF LIFT CAPACITYLIFT SPEED I N PERCENTASSEOF INTERVAL
LIFTS IN M/S INP ERSONS POPULATION I N SECONDS
4 2.50 20 C. 145 26.342
3 3.50 20 C. 122 31.389
3 4.00 20 C. 126 30.222
3 4.50 20 C.130 29.315
3 2.50 24 C. 121 37.789
3 243.00 C. 129 35.611243 3.50 C. 135 34.055
3 4.00 24 C. 139 32.889
4.503 24 C. 143 31.981
3 2.50 30 C. 137 41.789
3 3.00 30 C. 145 39.611
3 2.50 35 45.122C.148
(II) HIGH ZONE: SERVING G-12-13-14-15-16-17-18-19-20 FLOORS
HANCLING CAPACITY
NUMBERCF LIFT SPEED LIFT CAPACITY INTERVALIN PERCENTAGEOF
IN M/S INPRSDNS POPULATIONLIFTS IN SECONDS
4 3.00 16 C. 124 27.202
4 3.50 16 C. 132 25.369
4 2.50 20 C. 132 31.769
4 3.00 20 C. 144 29.202
3 4.00 20 C. 121 34.658
3 4.50 C. 12620 33.233
3 20 C.131 32.0925.00
2.50 24 C.149 33.769
3 3.00 24 C.121 41.603
3 3.50 24 C.129 39.158
3 4.00 24 C.135 37.325
3 4.50 24 C. 140 35.899
3 5.00 24 C. 145 34.758
2.50 30 C.129 49.025
3 3.00 30 C.138 45.603
3 3.50 30 C.146 43.158
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PAGE 0001TIME 00.44.22DATEDOS FORTRAN IV 360N-FO-479 3-8 MAINPGM 16/03/78
oocl MEAL PROP, TRAVEL, SPEED(14), DWIDTH, DSPEED, INLR , TEMP( 20,14)
1, LMIX(200,14), MAR, PEP,P
00C2 INTEGER POP, FLOOR, CAP(16), NUMBER(10)9 M, Q, R, B, S, T, LF, UF,
1 LIFT(20,14)
OOC3 READ (5, 11) POP
OCC4 READ( 5,12) FLCCR
0005 READ (5,13) TRAVEL
READ (5,14) (CAP(I), I= 1,16)0CC6
0097 RE AF) (5,15) (NUM13ER(K), K= 1,10)
REAP)( 5,16) (SPEE1)(J), J= 1, 14)0008
0009 READ (5,17) DWIDTH, DSPEED
1I FORMAT (115)OC10
0011 12 FORMAT (112)
13 FORMAT (F14.1)0012
14 FORMAT (8X, 313, 1314)0013
15 FORMAT (14X, 71390014 3141
16 FORMAT(10X, F4.2 v 13(1X, F3. 1))0015
17 FORMAT (F13. 1,. 1)0016
0017 19 FORMAT (1H1,////15X,'SECTION (1): TO CALCULATE AND LIST ALL PUSS,
1BLE LIFT MIXES'/31X,'WITIHH THE CONSTRAINTS OF NAND! HHG CAPACITY AND
2 INTERVAL',//)
0018 20 FORMAT(1110,68X,'AVERAGE', 3 X,' AVERAGE', 4 X,' AVERAGE', 5 X,' AVERAGE',/
1' LIFT' ,4X,'FLCOR',3X,'NO. OF',3X,'SPEEI)' ,3X,'CAPACITY', 5X,'HANDLI
2NG',3X,'INTERVAL',4X,'GUEUE',4X,'WAITINNG' ,4X,'NUPMM? E2', 5X,'TIME SPE
3NT',3X,'PROF ABILITY')
0019 21 FORMAT(' BANK',3X,'SERVED',4X,'LIFTS',4X,'M/S',4X,'IN PERSONS',2X,
1' CAPACITY',3X,'IN SEC•',5X,'LENGTH',5X,'TIME',4X,'IN SYSTEM',4X,'
2-IN SYSTEM',7X,'PO',/)_
0020 22 FORMAT(I3,5X ,'G-', I2,'-', I2,4X, I2, F9. 1, 8X, I2,.5X, F9. 3, 5X,F5.2, 6X,F
15.1, 3X,F6.2,6 ,F5.1,8X,F6.2,4X, F9.4)
0021 23 FORMAT(11-10)
24 FORMAT (1FI1,////15X,'SECTION (2): SELECTION OF THE LIFT MIX BASED0022
1 ON'/31X,,' (A) MINIMUM NUMBEROF LIFTS' ,/31X,' (B) MIS! IMUM CAPACITY
20F LIFTS'/31X,' (C) MIMIMUM SPEED OF LIFTS'//)
0023 25 FORMAT(I3,5X,'G--', I2,'-', I2,4X, I2, F9.1, 8X, I2, 5X, F9. 3, 5X,F5.2,6X,F

























MAINPGMDOS FORTRAN IV 360N-F0-479 3-8 DATE 16/03/18 TIME 00.44.22 PAGE 0002
00/,6 WI F ITE (6,222) TRAVEL
0047 WRITE (6,223) OWIDTFI
0048 WRITE (6,224) DS PEE D
OO 9 WRITE (6,225) (SPEED(S), J= 1, 14)
00710 4hRITE (6,226) (CAP(I), I- 1, 16)
ocl WRITE (6,2271 (NUMBER(K), K= 1, 10)
0052 200 F0RMAT (1H1,////15X,' SIMU LATI0,4 OF THE LIFT MIX I\ A HIGH RISE 0
IFFICE BUILDING IN HONG KONG')
005:3 201 FORMAT (////17X,'DEFINITIONS:')
,00 G4 202 FORMAT (//20XPOP= PASSENGER POPULATION IN PEZSONS SERVED BY
1THE LIFT')
00r: r 203 FORMAT (//20X,! FLOOR NUMBER OF FLOORS SERVE[) ±3 Y THE LIFT')
00 5E 204 FORMAT (//20X,' TRAVEL= HIGHEST DISTANCE REACHED BY THE LIFT')
0057 205 FORMAT(1/20X,' DWI DTI-I= DOORWIDTH OF LI FT IN ME TR= S')
206 FORMAT (//20X,' OSPEED= SPEED OF LIFT DOOR IN METRES PER SECOND')
005OO5S 207 FORMAT (//20X,' SPEED= LIFT SPEEDS IN METRES PER SECOND')006C 208 FORMAT (//20X,' CAP= CAPACITY OF THE LIFT CAR I PER SOUS')
0061 209 FORMAT (//20X,' NUMBER= NUMBER OF LIFT CARS')
0062 210 FORMAT (//20X ,l BANK= NUMBER OF LIFT BANKS')
211 FORMAT (//20X,' PROB= PROBABLE NUMBER OF STOPS PER TRIP')0063
O06/f 212 FORMAT (//20X,' TUP= TIME FOR UP TRAVEL IN SECONDS')
0065 213 FORMAT (/120X,' TDOWN= TIME FOR DOWN TRAVEL IN SE.-OONDS')
0066 214 FORMAT (//20X,' TD00R= TIME FOR OPERATIOPNS OF LI T DOOR'_)
0067 215 FORMAT (//20X,' TTRAN= TIME FOR PASSENGER TRANSFERRED IN SECONDS
00 216 FORMAT (//20X PI TROT= AVERAGE TIME FOR A ROUND T2 I P I N SECONDS'
1)
006 217 FORMAT (//20X 9l HC= HANDLING CAPACITY IN P ERCEV TAGS OF POP ULA
1TICN IN FIVE MINUTES')
-007C (//2X,' INTER218 FORMAT (11 0X II I NTERV= AVERAGE TIME FOR ARRIVAL OF LIFT IN SECON
IDS,)
00 219 FORMAT (////17X,' INPUT DATA:')
0072 22C FORMAT (//20X ,l POP=', I 7)
0073 221 FORMAT (//20X,' FLOOR=', 14)
0074 222 FORMAT (//20X,' TRAVEL=', F7.1)
007 223 FORMAT(// 2 0 X,' D W F5. 1)0076 224 FORMAT (//20X,' DSPEED=', F5. 1)
225 FORMAT (//20X,' SPEED=', 14F6.2)0070078 226 FORMAT (//20X,' CAP=', 16I4)





00 F4 DO 66 B= 2,6




9 DO 65 L= 1,N
00S. C IP= 0
0091 UF= FLOOR* L/N
0052 DC 64 I= 5,16
c3 DO 63 J= 3,140054 DO 62 K= 1,100055 31 PROB= FLOAR- FLOAR* ((FLOAR- 1)/FLOAR)**CAP(l)0096 TRAFEL= TRAVEL x= (L- IUN
0097 TRAVO= TRAVEL/ (N-rPROB)
189
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TTRAVO= TRAFEL+ TRAVO0058
-00c9 32 TTRAN= 2 * CAP (I)
01(0 33 TUP= TTRAV0/SPEED (J)+ TRAVO* (PROB- 1.)/1.5
. o1c1 34 TDUWN= TRAFEL/SPEED(J)
0102 35 TCOOR= 2*(PRCB+1)4DWIDTH/DSPEED
36 TRDT= TUP+ TDOWN+ TDOOR+ TTRAN0103_
O1C4 37 HC= 3U0*NUMBER(K) *CAP(I)/(TRDT*PEO)
0105 38 INTERV= TRDT/NUMBER(K)
0106 43 IF (0.12- HC) 44,62,62
0-01C7 44 I F (HC- 0.16) 46 162, 62
01 C8 46 IF (25.0- INTERV) 47,62,62
-JO1C9 47 IF (FLOOR- 30)48,48,49
011 0 48 IF (INTERV- 55.0) 50,62,62
49 IF (INTERV- 65.0) 50,62,62X31
011.2 50 MAR= PEO/2700
U= FLOAT(CAP(I))/TRDT1113
0114 P= MAR/U
Ql l 5 S= NUMBER(K)
0116 SUN= 1.0
011_7 TERM= P
0118 DO 81 Q= 2,S
X11 SUM= SUM+ TERM_01 2C TERM= P* TERV/Q




017.5 DO 82 M
0126 82 FACTO?= M* FACTOR
0127 P0= 1/(SUIl +P *S/FACTOR* (1 !P/S)))
0128 83 PN= PC =L (P**S)/ (FACTOR* (1- P/S))
X329 AOL= PN* P/ (FLOAT (S)-- P)
0130 AWT= AQL/MAP.
0131 APS= AQL+ P
0132 ATP= AWT+ TRDT/CAP(I)
0133 IP= IP+ 1
0134 LMIX (IP,1)= R
LMIX (IP02)= LFX135
0136 LMIX (IP73)= UF
.01 27 LMIX (IP,4)= NUMBER (K)
012708 LMIX (IP,S) PEED(J)
.0139 LMIX (IP,6)= CAP(I)
014C LMIX( IP,7)= HC
0 1 LMIX (IP,8)= INTERV
0142 LMIX (IP:9)= AOL
+3 LMIX (IP,10)= AWT
LMIX (IP,11) =APS
5 LI`MIX (IP,11)= APS
0146 L M I X (I P, 12)= ATP
0 LMIX(IP,13)= PO
01,18 LMIX(IP,14)= LMIX(IP,4) 'x LMIX(IP,6)
X149_ WRITE (6,22) B, LF, UF, NUMBER(K), SPEED(J), CAP(I), HC, INTERV,AQ
1L, AWT, APS, ATP, PO
O1,C 62 CONTINUE
0151 63 CONTINUE
64 CONTINUE013 LF= I+ UF
P1r4 D0 70 1Q= 1, 14
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0155TEM( ID, IQ) = LMIX( 1 , IQ)
015670CONTINUE
0157DO105T = 2 , IP
0158IF ( LMIX( T , 14 ) - LMIX( ID , 14 ) ) 104, 101, 105
0159101IF ( LMIX( T , 14 ) - LMIX( ID , 14 ) ) 104, 101, 105
0160102IF ( LMIX( T , 6 ) - LMIX( ID , 6 ) ) 104, 103, 105
016103IF ( LMIX( T , 5 ) - LMIX( ID , 5 ) ) 104, 104, 105
0162104DO105IR= 1 , 14
0163TEMP( ID, IR) = LMIX( T , IR)
016405CONTINUE
0165ID= ID+ 1016665CONTINUE
0167WRITE( 6 , 23)
01686 CONTINUE
0169DO67ID= 1 , 20
0170LIFT( ID , 1 ) = IFIX( TEMP( ID , 1 ) )
0171LIFT( ID , 2 ) = IFIX( TEMP( ID , 2 ) )0172LIFT( ID , 3 ) = IFIX( TEMP( ID , 3 ) )
0173LIFT( ID , 4 ) = IFIX( TEMP( ID , 4 ) )
0174LIFT( ID , 6 ) = IFIX( TEMP( ID , 6 ) )
01756CONTINUE
0176WRITE( 6 , 24)
0177WRITE( 6 , 20)
0178WRITE( 6 , 21)
0179WRITE( 6 , 25 ) ( LIFT( ID , 1 ) , LIFT( 10 , 2 ) , LIFT( 10 , 3 ) , LIFT( ID , 4 ) TEMP
I ( ID, 5 ) , LIFT( ID, 6 ) , TEMPI( ID, 7 ) , TEMPI( ID, 8 ) , TEMPI( ID, 9 ) , TEMPI( ID, 10




MAINPGMDOS FORTRAN IV 360N-FO-479 3-8 DATE 16/03/78 TIME 00.44.22 PAGE 0005
SCALAR MAP
SYMBlL SYMBOLLOCATION LOCATION LOCATIONSYMBOL SYMBCLLOCATION LOCATIONSYMBOL
POP 138 13C TRAVEL 140 I 144 K 148138J FLOORDWIDTH 150 DSPEED ID154 158 15C
lF 160 FLOAR 164 PEO 168 16C 170L164
PROB174 N TRAFEL17C TRAVO 184
TTRANTTRAVC 188 18C TUP TDOWN1.90 194 TDOOR 198
TRDT MARHC19C I NTERVlAO 1A4 lA8 U 1AC
TERM1B4 SUM 1B8 1BC 1CO01BO S
FACTOR1C4 PO PN1C8 1CC 1DO AQL 104AWT APS ATP1D8 IQ1DC lE0 IE4 T 1E8IR 1EC
ARRAY MAP
LOCATI ON LOCATICN LOCATIONSYMBOL SYMB0L S YMBCL LOCATIONISy SYMBOL LOCATION
TP LMIX CAPIFO 688228 3248 NUMBERSPEEN 3288
FT 32BO
SUBPROGRAMSCALLEDSYMBflL LnCATION LOCATIOIN SYMBOL LOCATIONLOCATION SYMBOL SYMBOL SYMBOL LOCATION
IBCOMT 37143710 FRXPI#
FORMAT STATEMENT MAP
SYMBRL LOCATION LOCATION SYMBCLSYMB0L LOCATIONSYMBOL LOCATION SYMBOL LOCATION
11 3754 12 3758 13 14375C 3761 15 376D
17 3788 19 203790 38153779 21
22 3945 23 3984 2524 3989 3A29 200 3A69
3ABE 2C4202 3AD5 203 3B18 3B4D 205 3B83
206 38B1 2C9207 3BEA 208 3C1C 3C51 210 3C76
211 3C9C 214212 3CCF 213 3CFE 3D2F 215 3D62
216 213D9D 219 30D7 3E25218 3E62 220 3E79
3E8D 224 3ECB222 3EB63EA1 223 225 3EE0
22G 3EF7 227 3F0D
192
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STATEMENT LABEL MAPLOCATION STt NUN LAbEL cTLx NOWLOCATI Ot LABEL LOCATIOJ\ STA NUM LABEL3 00403C 4-,--00401C_ 004058 5001074 0040BC 7 004104 8
004170-- 0l, 148_ 24 004184 25_00'.198 26 00414C 27 0041CO 28P_M+1 D 4 2c 0041E8 30 0041FC 3100'210 2 004224 33 004238 3415 004260--_0O-f ?!tr 36 004274 3700'+288 3C 00429C 39 0042BO 40
_p c_ 2C4 'f l 42
_004208 0042EC 4300 '+3CO 44 00431C 45 004338 46
X04354 47 004370 48 00438C 4900' 3CC 5C 0044 18 51 004460 80
--004478 81 00448C 82 0044AO 83004448 84 0044BO 85 0044BC 86
--Q0!i4FA 87 004538 88 004540 89004548 9C 004554 91 00456A 9200 57A 93 00458E 94 0045AA 95 310045EA 96 004630 97 00465A 98
-,DO-(1666 Q9 32 00468E 100 33 0046B4 101 3 400-i6C4 102 35 00460C 103 36 0046FO 104 37
on 726 10.5-- 38 00474C 106 43 00475C 107 4400770 10 u 46 004784 109 /t 7 00479R 110 4800782 111 49 0047C6 112 50 0047D6 113
001f7 FE 114 00480A 115 004812 116081A 117 004822 118 00482A 119
00 4 836 004864 121 81 00487E T21-
1201?3 124
_00488C 004894 125
--,OQ/18001,89C 126 P2 00481)8 127 004926 128 8300 i96A 129 004998 130 0049A4 1310049BO 132 0049DE 133 0049EA 13410 A 12 135 004838 136 004A62 13700,A8A 138 00489E 139 004ACE 140J,04ADE 141 142
_0-04AEE 004AFE 143004130E 144 00481E 145 004B2E 146004B3E 147 00484E 148 004B8A 149004C14 15C 02 004C30 1.51 63 004C54 152 64
-P0'!C78 153 004C88 154 004C98 155004CA8 156 70 004CC8 157- 004C DC 158--004006 101 004D2C 160.15?--- 102 0040_56 161 103004076 162 104 004088 163 004098 164 1050041)04 165 004DE4 166 65 004DF8 167004610 66168 004E24 169 004E40 170004664 1.71 004E84 172 004EA4 173-1-1-5-
-004F0404EC8-- 174 004EEC 67 176-004F1C 177 004F30 178 nn4F44 17900 `048 180-_
QTAL MEMORY REQUIREMENT 00505A BYTES
-MHEST_SEVERITY LEVEL OF ERRORS FOR THIS MODULE WAS 0
193
C0.45.46, TOTAL COMPILATION TIME.00.01.24
194JOB NAME AND PART CANCEI DATE START STOP CPU TIME HISH CURE OVERHEAD ALLBOUNDPHASE SIOUSER INFORMATION ID CODE TIME TIME IN SECDS NAME TIME TIME cuu COUNT





JOB KPK-196 16/03/78 DOS LINKAGE EDITOR DIAGNOSTIC OF INPUT

















1603/78 ESD LDADED REL- FRPHASE XFR-AD LGCORE HICORE DS K-AD TYPE LABEL
10C078







ENTRYRE A DS W 1128B8
ENTRY IJTINTSW 1128B A
ENTRY 1128B11INTSW
CSECT ILFFRXPI 111972 111978
ENTRY FRXPI# 111978




ILFF INT 113C7E 113C78CSECT
FNTRY SAVERR 114158
CSECT ILFADCON 11239E 112B98
ILFFCVED 113682ENTRY
ENTRY ILFFCVLO 1 12EIA
ENTRY ILFFCV AD 11315E
ENTRY ILFFCVAO 11389c
ENTRY ILFFCVAO 1 12D8A
ENTRY ILFFCVZO 1 12CE4
ENTRY IJT6Sw 113C60
CSECT ILFFIOCS 11424E 114248
ENTRY IJSYSLO 1 1515 E
ENTRY BFAREA 115012





ASCIICST 1 12AOCSECT 112.408




CSECT 1J2L0005 11527C 115270
CSECT IJJCPAIV 1152D 1152D8
197JOB NAME AND PART CANCEL DATE START STOP CPU TIME PHASE HIGHCORE OVERHEAD ALLBOUND SIOUSER INFORMATION ID CODE TIME TIME IN SECOS NAME TIME TIME CUU COUNT










SIMULATION OF THE LIFT MIX IN A HIGH RISC OFFICE BIJILDI'J3 IN FONG KONG
DEFINITIONS:
POP= PASSENGER POPULATION IN PERSONS SERVED BYTFHE LIFT
FLOOR= NUMBER OF FLOORS SERVED BY THE LIFT
TRAVEL= HIGHEST DISTANCE REACHED BY THE LIFT
f WIC TH= DOOR WIDTH OF LIFT IN METRES
DSPEED= SPEED CF LIFT DOOR IN METRES PER SECOND
SPEED= LIFT SPEEDS IN METRES PER SECOND
CAP= CAPACITY OF THE LIFT CAR IN PERSONS
NUMBER= NUMBER OF LIFT CARS
HANK= NUMBER OF LIFT BANKS
PROB= PROBA3LE NUMBER OF STOPS PER TRIP
TUP= TIME FCR UP TRAVEL IN SECONDS
TDOWNV= TIME FOR DOWN TRAVEL IN SECONDS
TDOOR= TIME FCR OPERAT I OPNS OF LIFT DOOR
TTRAN= TIME FOR PASSENGER TRANSFERRED IN SECJNDS
TRDT= AVERAGE TIME FOR A ROUND TRIP IN SECONDS
HC= HANDLING CAPACITY IN PERCENTAGE OF POPULAIOV IN FIVE MINUTES








SPEED= 0.75 1.00 1.50 2.00 2.50 .3.00 3.5C 4. C0 4.50 5.00 6.00 7.00 8.00 9.00
CAP= 5 6 8 10 12 16 20 24 30 35 40 50 60 70 80 90
NUMBER= 3 4 5 6 7 8 9 10 11 12
209SECTION( I): TO CALCULATEAND LIST ALL TOSS, BL El-- LIFT MIXESWITH THE CONSTRAINTS OF HANDLING CAPACITY 4ND INTERVAL
AVERAGEAVERAGE AVERAGE
FLOOR SPEED CAPACITYLIFT NO. OF HANDLtNG WAI TINGINTERVAL PROBABILITYUEJE NUMBER AVERAGETIMSPENT
M/S I N PERSONS CAPACITYLIFTS TIME POSERVED IN 5Lt. LLV'TH I N SYSTEM I N SYSTEM9Nlt
.2 1.58 0_.13.0 3. 5 2.09G- 1-30 25.6 7 6.2010.3 0.0007--5C2 2..0 5C8 0.132 1.70G- 1-30 25.16 2.8 9.5 5.73 0.00092 4.. a 5C7 0.120 5.909. 8G- 1-30 27.77 9.7816.3 0.0006
2 5.07 5C 0.120 5.63G- 1-30 9.427.70 15.8 9.51 0.0006
6.07 5C 5.260.121 8. 8G- 1-3C 27.58 15.2 9.12 0.0007
2 7.0 5C7 0.121G- 1-30 27.49 8.4 14.8 8.87 0.0007
.2 8.07 50 0.122 5.024.8.527.431-3C 8.1 14.5 8.69 0.00072 9.0 5C7 4.720.122G- 1-30 27.38 7.9 14.3 8.56 0.0008
2 1.5 6C 3.590.124 32..20 6.0G- 1-3C 12.2 7.34 0.0010
_7
2 1.5 608 0.910.142 28.17G- 1-30 1.5 7.8 4.67 0.0016
.2 1.5 609 0.3_3_0.160 25.04G- 1-30 0.5 6.8 4.08 0.00182 2.0 60 0.127 2.8731.61 4.8G- 1-30 10.9 6.56 0.001-2-2 608 0.781. 3_2.0G- 1-30 27.66 7.4 4.47_0._1452 2.5 60 2.530.128 4.2G- 1-30 31.26 6.1810.3 0.00180.00142 2.58 60 0.710.146G- 1-30 27.35 1.2 7.3 4.36 0.00202 3.0 607 2.340.129G- 1-30 3.931..02 9.9 5.96 0.0015
3,0 608 0.147 0.671. 1G- 1-30 27.14 7.1 4.29 0.00212 3.5 60 0.7130 2.213. 7G- 1-30 30.85 9.7 5.81 1-6-
Z, 3.58 0.148 0.64G- 1-3C 1. 127.00__60_7 7.1 4.24 0.00212 4.0 60 0.130 3. 5 2.12G- 1-30 30.73 9.5 5.70 0.0016
4.0 608 0.149G- 1-3C 0.6226.89 1.0 7.0 4.21 0.00222 4.5 607 0.131G- 1-30 2.0530.63 3.4 9.4 5.62 0.00172 4.5 60 0.149G- 1-3C 0.6126.80 1.0 7.0 4.18 0.0023_8
-0.001.75.0 607 0.131G- 1-30 30.55 3.3 2.00 9.3 5.56
5.0 608 0.59G- 1-30 0.150 26.73 1.0 6.9 4.16 0.002 3_ _6.0 607 0.131 1.9230.43G- 1-30 3. 2 9.1 5.47 0.00182 6.0 608 0.580.150G- 1-30 26.63 1.0 6.9 4.13 0,00242 7.0 607 1.8730-35G- 1-30 0.132 3. 1 9.0 5.41 0.00182 7.0 60 0.560.151G- 1-30 26.56 0.9 6.860 4.11 0.0024_2- 8.07 1.84-G- 1-30 0.132 ^3. 1 8.9 5.37 0.00192 8.02-.. 608 0.56G- 1-3 0 0.151 300296.50 0.9 6.8 4.0 9 0.0024
-3.-0 -8.99.0 607 1.8140.132G- 1-30 30.24 5.33 0.0019
9.0 608 0.550.151G- 1-30 26.46 0.9 6.8 4.08 0.00252 1.5 707 1.700.133G- 1-30 35.06 2.8 8.7 5.21 0.00202 6. *7701.5_ 0.1.52 0.5230.67 0.9 4.03 0.00268-G--l-3-0
_0.0023'702.07 0.135 1.46G- 1-30 8.22.4 4.90
2 .0 70 0.1558 0.46G--1-30 6.530-16 0.8 3.91 0.0029_7_
---7. -9702s5 0.137 1.33G- 1-30 34.1 1 2.2 4.74 0.0025
702.5 0.1568 0.42G- 1-3C 6.429.85 0.7 3.84 0.0031703.07 0. 138 1.25G- 1-30 7.733.88 2. 1 4.64 0.00272 703.0 0.1578 0.40 6.329.64 0. 7 3.79 0.0032703.5 0.138 1.20G-1-30G-1-30 7.633.71 02. 4.57 0.002870 0.1583.58 0.39G- 1-30 6.329.50 0.6 3.76 0,00332 704.0 0.1397 1.16G- 1-30 33.59 7.51.9 4.52 0.002870 0.1594.08 0.38G- 1-30 6.229.39 0.6 3.74 0.003470 0.1394.57 33.49G- 1-30 1.13 7.51.9 4.48 0.00294,.5 70 0.1598 29.30G- 1-30 0.37 6.20.6 3.72_7 0.003570 0.1405.0 33,41G- 1-30 1.11 7.41.9 4.45 0.0030
70 0.1605.08 29-23G- 1-30 0.36 6.20.6 3.70 0.0035
70 0.1206.06 38.84G- 1-30 5.91 15.4 9.249. 8 0.0015
706.0 0.140 33.297G- 1-3C 7.31.081.8 4,41 0.0030
201
1-4
2 7.0 70 0.1206 38.74 0.0015G- 1-30 9 .5 15.0 9.005.67
7.0 707 0.141G- 1-30 33.21 7.3 4.38 0.00311.8 1.06 X14.72 8. 0 706 0.121G 1-300 38.67 9.2 5.51 8.82 0.00167.38.0 707 0.141G- 1-30 33.14 4.361.7 1.04 -.04003-1
2 9.0 706 0.121G- 1-3C 38.61 9.0 5.38 8.6914.5 0.0016
9.0 707 0.141G- 1-30 33.10 1.031.7 7.2 4.34 0,0032
2 1,5 806 0.121G- 1-30 44.23 5.589. 3 14.8 8.90 0.0016
1.) 807 0.141G- 1- 3 02_. 1.0537.9 1 1.7 7.3 4.37 0.0031
2.0 806 0.122G- 1-30 4.4443. 5 5 7.4 7.7112.8 0.0019
2.0 807 --- .5G- 1-30 37.32 1.5 7.0 4.19 0.0035_0.143
_0.922 806 0.1240- 1-30 6. 543.1.3 3.92 7.1s11.9 0.0022
2.57 80 0.144G- 1-30 36.97 0.861.4 6.8 4.09 0.0037
2 3.0 806 0.1.24 3.62G- 1-30 42.86 6.0 6.8311.4 0.002412 3.0 807 0.145 0.810- 1-30 36-74 1.4 6.7 4.03
2 3.56 80 0. 12.5G- 1-30 42.66 5. 7 3.42 11.0 6.62 0.00390.0025
3.5 807 0.._146 3 6.5 7 0.79 6.61.3- 3.99 0.00402 4.0 806 0.125 .15.5G-1-3CG-1-30 42.52 3.28 10.8 6.47 0.0026
4.0 807 0.146 1. 3G- 1-30 36.44 0.77 6.6 3.95 0,0041
2 4.5 806 0.126G- 1-30 42.40 5.3 3.18 10.6 6.36 0.0027
4.5 807 0.147G- 1-30 36.34 6.51.2 0.75 3.93 0,00422 5.0 806 0.126G- 1-30 42.31 3.115z 10.5 6.28 0.0027
5.0 807 0.147G- 1-3 0 36.27 0.741.2 6.5 3.91 0.00422 6.0 806 0.126 42.17G- 1-30 5.0 2.99 10.3 6.16 0.00286.0 807 0.148G- 1-30 36.15 0.72 6.51.2 3.88 0.0043
7.0 806 42.080.127G- 1-30 4.9 2.92 10.1 6.07 0.0029
7.0 807 0.148 36.06 6.41-30 1.2 0.71 3.86 0.0044
8.0 806 4. 80.127 42.000- 1-30 2.86 10.0 6.01 0.00291.Z 8.0 80__7G- 1-3G 36.00 0.70 6.41.2 3.85 0.0044
_0.1489.0 806 0.127 9.9G- 1-30 41,95 4.7 2.82 5.96 0.00_309.07 80 0.148 0.69 6.4G- 1-30 35.95 1.1 3.84 0.0045
1.5 906 5. 1 3.08G- 1-3C 0.126 47.56 10.4 6.25 0.0027
1.5 907 0.73G- 1-3C 0.147 40.77 6.51.2 3.90 0.00432.0 906 0.128 2.63G- 1-30 46.88 9.64.4 5.75 0.0032`
.2_ 2.0 907G- 1-3 C 0.149 1. 1 0.66 6.340.18 3.78
-0..004.7-2.5 906 0.129 46.47G- 1-30 4.0 2.40 9.2 5.49 0,0034
2.57 90 0.151G- 1-30 39.83 0.611.0 6.2 3.71 0.00493.0 906 0.130G- 1-30 3. 846.19 2.26 8.9 5.34I2 0.00362 3.0 907G- 1-3C 0. 152 39.59 0.59 6.11.0 3.67
--d-.7,-3.5 906G- 1-30 46.000.130 3.6 2.17 5.23 0,00510.00383.5 907 0.152G- 1-30 39.43 0.571.0 6.1 3.64 0.00524.0 906G- 1-30 0.131 45.85 2.103.5 8.6 5.16 0.00394.0 907G- 1-30 0.153 39.30 0.560.9 6.0 3.61 0.00532 4.5 906G- 1-30 45.740.131 2.053.4 8.5 5.10 0.00392 4.5_ 907f`\ G- 1-3 0 0_.153 0.9 6.0 3.60 0.005439.20 _0.55
_0.00405.0 906 0.131G- 1-30 2.0145.64 3.4 8.4 5.055.0 907 0.153 0.54G- 1-30 39.12 0.9 6.0 3.58 0.0055-0.132
-4,996.0 906G- 1-30 1.9545.51 3.3- 0.0041--6.0 907 0.154 0.53G- 1-30 39.01 0.9 5.9 3.56
7.0 906 0.132 1.92G- 1-3C 45.41 3. 2 8.2 4.94 0.00560.00427.0 907 0.154G-1-30 0.5238.92 0.9 5.9 3.55 0.0057
___...8.28--o- 906 0.132G- 1-30 1.8945.3 4_ 0.0043--8.0 907G- 1-30 154 38.8 6 0.51 5.90.9 3.54 0.00579C6 0.133G- 1-30 45.28 1.863. 1 ---8-01 4.88 0.00439.0 907 0.155G- 1-30 38.81 5.90.510.8 3.53 0.0058502.012 0.126G-31-60 26.40 2.54 14.84.2 8.88 0.000050--G-31-00 -2-.5- 26.47 14.24.5 2.71-1..1- _0.126 0.0000-i-6-.-7--503.0 0.12210G-31-60 27.42 7. 5 4.52 10.01 0.0001503.510G-31-60 0. 12 7 26.20 12.84.1 2.45 7.690 _.132 0.0001504..010G-31-60 25.28 11.21..652.7 6.70 0.0002504.59 0.122G-31-60 27.31 4.34 15.47.2 9.25 0.0001505.09 0.125G-31-60 26.67 3.15 13.25. 2 7.95 0.0002506.0 0.1309G-31-60 2_5.7 3 11. 12.063.4 6.6_9_ 0.0003507.09 _0. 133 2.5.05G-31-60 1.56 10..12.6 6.07 0.0004508.0 0.1212G-3.1-60 27.61 5.268.f8 16.1 9.67 0.0003_ _509.0 0.123G-31-60 27.17 4.126. 9 14.1 8.47 0.0004601.5 0. 127G-31-6C 31.6212 14.74.1 2.48 0.00008.80
202
2 2.0 0.13111 30.62 7.36 0.0001G-31-60 2.9 12. 31.75
2.0 60 0.1_4312C-31-60 2.8.06 6.30 0.00011.1 0.69 10.5
2 2. 5 60 0.12910G-3-60 31.12 3.6 12.3 7.36 0.00012.17
2.5 6011G-31-60 0. 141 2 8 .29 10.00.79 5.971. 3 0.00022 2.5 601 0.154G-31-60 9.20.3325.9 3 5.520.6 0.0002
3.0 609 0.122G-31-60 32.68 4.18 15.17. 0 9.08 0.0001
2 3.C 6010 0.130 1.20G-31-60 29.42 10.2 6.102.0 0.0002
3. 0 6011 0.150C-31-60 0.4726.74 9.00. 8 5.37 0.0003
2 3.5 60 0.128G-31-60 31.33 2.434.0 7.1311.9 0.0003
3.5 6010 0.142G-31-60 0.8128.20 1.3 9.2 5.51 0.0003
2 3.5 60 0.156G-31-60 0,330. 525.63 8.4 5.03 0.0004
4.0 609 0.132G-31-60 1.702. 830.32 10.4 6.25 0,0004
2 4.C 0010G-31-60 0.147 0.6027.28 1.0 8.6 5.15 0.0005
4.5 608 0.120G-31-60 5.4833.22 9. 1 9.9116.5 0.00032 4.5 609 0.135G-31-60 1.3129.53 9.6 5.74 0.0005
4.5 6010 0.151G-31-60 0.4826.57 0.8 8.2 4._91 _ 0.00062 5.0 608 0.123 3.96G-31-60 32.51 6.6 13.8 8.3 0 0.0004
2 5.0 609 0.138G-31-60 1.07 9.028.90 1.8 5.40 0.0006
2 5.0 6010 0.154G-31-60 0.400. 726.01 7.9 4.74 0.00076.0 608 0.127G-31-60 31.44 2.614.4 11.3 6.81 0.0006
2 6.0 609 0.143G-31-60 0.8027.95 8.31.3 4.99 0.0008
6.0 60l0G-31-60 0.159 0.3125.15 0.5 7.5 4.50 0.0009
2 7.08 60 0.130 30.68G-31-60 3 2.00 10.2 6.09 0.00072 7.0 609G-31-6C 0.147 27-27 1. 1 0.65 7.9 4.74 0.00102 8.0 608 0.133 30.11G-31-60 1.66 9..52.8 5.67 0.00092 8.09 60 0.149G-31-60 26.77 0.55 7.60.9 4.57 0.00119.0 608G-3 1-60 0.135 29.67 1.44 9.02.4 5.39 0.0010
.2 9.09G-31-60 0.152 0.4960 26.37 0. 8 7.4 4.452 1.5 7011 0.129G-31-60 36.31 3.5 2.11 13.0 7.8.1 0.00120.00012 1.512 70G-31-60 0.140 0.8133.28 1.3 10.9 6.51 0.00012 2.0 7010G-31-60 0.131 35.68 1.793.0 11.5 6.89 0.00012.011 70G-31-60 0.144 0.6732.43 1. 1 9.6 5.77 0.00022 2.012 70G-31-60 0.157 0.2829.73 0.5 9.0 5.38 0.00022 2.5_ 9 70G-31-60 0.127 2.6336.80 4.4 12.3 7.36 0.00022.5 7010G-31-60 0.141 0.8633.12 1.4 9.3 5.59 0.00032.5 7011G-31-60 0. 155 30.11 0.6 0.35 8.5 5.08 0.00042 C) 3.0 70G-31-60 0.134 34.91 1.492.5 10.0 5.98 0.00043.01() 70G-31-60 0.149 31.42 0. 9 0.54 8.4 5.03 0.00053.58 70G-31-60 0.124 37.75 3.726.2 13.4- 8.03 0._00042 3.59 70G-31-60 33.55
0.139
1.021.7 8.9 0.00065.343.5 7010G-31-60 0.155 30.20 0.6 0.. 3 9 7.8 4.70 0,00074.0 708G-31-60 0.127 36.61 4.3 2.55 11.2 6.73z 4.0 709G-31-60 0.143 32.54 0.781.3 8.3 4.97 0,0006.00084.0 7010G-31-60 0.159 29.28 0.300. 5 7.5 4.48 0.0009
_0.00084.5 708G-31-60 0.131 1.9635.72 3.3 10.1 6.04z 9 704.5 0.147 0.6331.75 1.1 7.9 4.72-G-31-60 0, 00105.605.0 70G-31-60 0. 133 1.6035.01 2.7 9--3 0.00092 5.0 709G-31-60 0.150 0.5431.12 0.9 7.6 4.54 0.00116.0 707G-31-60 0.120 5.6738.79 9.5 15.9 9,55 0.00066.0 708G-31-60 0.137 1.2033.94 2.0 8.5 5.08 0.00127.26.0 709G-31-60 0.155 30-17 0. 7 4.30 0.001470G-31-60 0.1237.0 37.92 4.066.8 13.1 7.857 0.00094.787.,08 0.141G-31-60 33 18 0.99 8.0_1.6 0.00157.0 70709G-31-60 0.158 29.49 6. 90.6 0.35 4.14 0.0017708.07G-31-60 0. 125 37-27 11.65.4 3.25 6.98 0.00118.0 7-0-8 0.143G-31-60 32.61 7.61.4 0.8.5 4.58 0.0017709.07 0.127G-31-60 36.76 10.74.6 2.77 0.0013709.08 0.145G-31-60 32.17 7.41.3 0.76 4.44 0.0018801.5 0.12710G-31-60 41.94 4. 1 12.82.46 7.71 0.0001801.511 0.140G-31-60 38.13 10.21.4 0.87 6.11 0.00011.5 80 0.15312G-31-60 34.95 9.30.370.6 5.61 0.0001802.09 0.127G-31-60 41.86 4.1 2.49 12.0 7.20 0.0002802.010 -0. 142G-31-60 37.68 0.821.4 9.2 5.53 0.0003802.0 0.15611G-31-60 34.25 0.330.6 8.4 5.04 0.0004802.5 0.1218 43.90G-31-60 4.777.9 15.3 9.16 0.00030 802.5 00050.137G-31-60 39.02 1.202.0 5.59
203
2-2 80 0.15210 35.12 4.84 0.00060. 7 0.4 5 8.1G-31-60
3.C8 0. 12, 0.00066.6 86-31-60 4.2 11.141.7 7 2.51
3.C9 80 0.144 37.13 8.2 4.95 0.00080.771.3G-31-60
3.C 8 01C 0.00090.3 0 7.5G-3 1-60 0.5-0-16-0- 33.42 -,4.-4-,7-32 8 80 0.133 9.5 5.72 0.000940-25 1.702. 86-31-60
39 PO 0.149 35.78 7.60. 9 0.56 4.59 010011G-31-60
4.C2 80g 0.136 1.2939.11 2.2 8.7 5.20 0.0011G-3.1-60
4.C9 80 0.153 0.45 7.3 4.36 0.001334.76 0.7
-G-31_-6 4 r,2 7 80 0.122 4.527. 543.61?G-31--60 13.9 8.34 0.0008
4.5 80
__0.-1.40-- 1.05G-3 1-6 0 38.22 1.8 8.1 4.88 0.0014
4.52 9 80 0.157 0.370.6 7.0 4.19G-31-60 33.97 0.0016
5.C7 0 0.124 3.5242.87 5.9 7.27G-31-6C 12.1 0.0010
5.C2 808 0.142 0.901. 5 4.6537.51 7.7G-3 1-60 0.0016
5.U9 80 0.160 0. 5 0.3233.34 6.8 4.07G-31-60 0.0018
6.C2 807 0.128 41.65 2.5.14.2G-31-6C 10.3 6.16 0.0014
6.C 808 0-.,1-4-6 0.7136.44G-3 1-6 0 1.2 7.3 4.35 0.0020_
2- 7.0 3. If7 80 0.131 2.0240.78 9.3 5.59G-31-60 0.0017
7.C 808 0.600.149 6.935.68 1.0 4.17G-31-60 0.0023
2 8.0 807 0.133 1.7340.13 8.7G-31-60 2.9 5.24 0.0020
8.0 808 0.530.152 6.70.9G-31-60 4.04 0.0025---
9.02 807 1.530.135 35.1139.62 2.6 8.3G-31-60 5.00 0.0022
9.0 808 0.4834.67 6.60.3G-31-60 3.95 0.00280.1541.5 909 3.940.123 48.82 6.6 14.7 8.82G-31-60 0.0002
1.5 9010 1.1543.940.137 10.11.9 6.04G-31-60 0.0002
1.5 90 0.4511 39.94 8.90.150 0.8 5.34G-31-60 0.0003
2.0 908 5.0949.60 8.50.121 15.8 9.49 0,0003
_G-31-60 -6-.-0-0-0-5-2.0 909 1.25 9.444.09 2. 10.136 5.66G-31-60
2.0 9010 0.460.151 39.68 0. 8G-31-60 4.87 0.0006
2.5 908 3.6 8.10.50.129 46.40G-31-60 6.31 0.0007
2.5 909 0.690.145 41.24 8.01.2 4.82G-31-60 0.0009
3.0 90 1.37 8.80.136 44.27 2.3G-31-60 5.30 0.0011
3.012 99 0. 8 7.30.152 3 9. 3 5
_0.4 7G-31-60 4.41-.-0.,- 0.0013
3.5 907 4..170.123 48.135 7.0G-31-60 13.3 7.97 0.00093.58 8.0-90- 0.140G-31-60 42.75 1.7 4.80 0.0014
_1.003.5 909 0.36G-31-60 0.158 38.00 6.90.6 4.16 0.0016
4.0 907 2.970.126 47.556-31-60 4.9 11.1 6.67 0.00124.0 908 0.800.144 41.61G-31-60 1.3 7.5 4.50 0.00184.5 90---7 0.129 46.54 3. 9 2.34 9.9G-31-60 5.96 0.00154.5 908 0.67G-31-6 0 40.720. 147 1.1 7.2- 4.29 0.0021_5.0 907 0.131 45-72 1.95G-31-60 3. 3 9.2 5.51 0.00185.0 908 40.010.150 0.581.0G-31-60 6.9 4.14 0.00236.0 907 1.510.135 44.51G-31-60 2.5 8.3 4.98 0*00226.0 908 0.154 0.47G-31-60 38.94 0.8 6.6 3.94 0.00287.0 90 0.1.38_ 1.27G-31-60 43.64 2. 1 7.8 4.66 0.00267.0 9,0-- 0.157 0.41G-31-60 38. 1 8 0.7 6.3 3.80 0.0032_8.0 907 0. 140 1.1242.98_G-31-60 1.9 7.4 4.46
_0.00298.0 90 0.160 0.37G-31-60 37. 6 1 0.6 6.2 --3 71 0.00359.0 906 0.121 .14.25.2449.56G-31-60 8.7 8.55 0.00179.0 907 6 .141 1.0142.48G-31-60 1.7 7.2 4.32 0.0032
352.5 0.1215G- 1-20 28.88 7.96 13.48. 8 12.08 0.0039353.0 0.1225G- 1-20 28.66 -7. 1 1-7. 9 12.5 11.21 0.0044---353.5 0.1235G- 1-20 28.49 11.87. 3 6.59 10.66 0.0047354.05 0. 123G- 1-20 28.37 11.46.9 6.24 10.29 0.0049354.55G- 1-20 6.6 11.1_0.124 5.98_ 10.02
_28,2.8 -_ 0.0.0 51-0,0055+o 35 0.1245G- 1-20 28.20 6. 4 5.79 10.9 9.82 0.0053356.0_ 0--. 1255 2-8.-09-.-G- 1-20 6. 1 10.65.51 9.53357.0 0.1255G- 1-20 28.01 5.9 5.33 10.4 9.33 0.005735(n. 0 0.1255 27.95G- 1-20 5.8 5.20 10.2 9.19 0,0058359. 0 0.1255 27.90G- 1-20 5.7 5.10 10.1 9.08 0.0059401.5 0. 1265 31 .7 9G- 1-20 5. 5 4.93 9.9 8.9.0 0.0061
-5.540 0.1511.5 26.49G- 1-20 1.1 0.99 4.97 0.010240 0.1282.0 31.225G- 1-20 4.5 4.07 8.9 7.97 0.007240 0.1542.0 26.02G- 1-20 1.0 0.88 5.3 4.78 0.011240 0.1302.5 30.885G- 1-20 4.0 3.64 8.3 7.51
___0,_0079
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40 0.01192.5 5.2 4.673 5.74 0. 9 0.816 0. 155G- 1-2 C
3.0 40 7.238. 030.66 3.8 3.405G- 1-20 0.00.84_0.130
3.0 403 0.01235.1 4.610.157 0.770.96 25.55G 1-20
3.5 40 7.04.3.6 3.23 7.80.131 30.4950- 1- 2 0
_0.0087
3.5 403 0.75 4.56 0.01275.16 0. 825-4 1G- 1-2 0
4.0 40 7.7 6.91 0.00903.1230.37 55 0.1570.132G- 1- 2 0
3 40 0.73 4.52 0.01295.06 0.158 0.825.31G- 1-20
4.5 40 3.03 7.6 6.81 0.00920.132 3.45 30.28G- 1-20
4.53 40 0.71 4.505.0 0.01310. 86 0.159 25.235.0
5.0 40 2.96 0.00947.53. 35 -0. 132 30.20G- 1-2 0
-5.0 6.74- .48 5.05.03 0.7040 0.01336 0.159 0.825.17G- 1-20
6.0 40 2.86 7.4 6.63 0.009730.09 3. 20.1335G- 1-20
6.03 0.6840 4.444.9 0.0136E 0. 80.160 2.5.07G- 1-20 r 7.0 40 2.80 6.553. 1 7.3 0.00990.133 3 0.0 1G- 1-20
7.03 40 0.67 4. q- 4.420.160 0.01.376 0.725.01G- 1-20
8.0 2.7540 6.490.1.3 4 7.23. 15 29.95G- 1-120 _2.71
_0.01009.03 0.13440 6.457.2 7.2 0.0101-3.029.90G- 1-20
1.5 1.9150 6.10.140 2. 1 5.495 35.79G- 1-20
3 2.0 1.6950 5.8 5.21 0.01350.01480.142 35.225 1.9G- 1-20
1.57 1.57 5.60.143 1. 7 0.0156
_34.8 8G- 1-20 '50-
_5 3.0 1.5050 0.144 5.51.75 5.064.97 0.016234.66G- 1-20
3.5 1.450.145 _ 5.4 0.01665 34.49 1.6 4.905 0G- 1-2 0
4.0 1.420.145 5.450 4.855 34.37 1.6 0.0170G- 1-20
3 4.5 1.390.146 5.450 34.28 1.5 4.825 0.0172G- 1-20
3 5.0 1.370.14650 5.35 34.2() 1.5 4..79 0.0174G- 1-20
6.0 1..34 5.31. 5_ 5_ 50 0.1.4 7 4.7534.09 0,0177G- 1-20
3 7.0 1.31/0 .147 1. 5 5.25 50 4.71 0.018034.01G- 1- 2_ C
3 8.0 1.3033.95 5.25 1.4 4.69 0.0181G- 1-20
_0..1471-509.-0 0.147 1. ?_9 5.250 1.4 4.6833.90 0.0183G- 1-2 C
1.5 8.734 0.121 9.7 13.449.74 12.04 0.008560G- 1-203 1.5 1.110.151 4-.95 1. 2 4.4260 39.79 0.0204G- 1-20
2.0 7.14_4 11.649.03 7.960 0.1.2 2 10.41 0.0102G- 1-20
--0.0219.3 2.05- 0.153 1.1 4.760 1.0 1.39.22 427G- 1-20
2.5 6.390._123 48.60 7. 1 10.7G- 1-20
_4 .60- -9-:.-6-3- _0.01.122.5 0.4-5-5 60 0. 15 4 4.71.138.88 4.19 0.0228G- 1-20
3.0 5.954 0.124 6. 6 10.260 48.32 9.17 0.0120G- 1-203 3.0 0.920.1555 4.660 38.66 1.0 4.14 0.0234G- 1-20
3.5 5.67_ 4_ 0.125 48.12 6. 3 9.960 8.88 0.0125G- 1- 2 0
3.5 0.890.1565 38.4960 1.0 4.6 4.10 0.0239G- 1-20
4.0 5.474 0.125 47.97 6. 160 9.6 8.66 0.0129G- 1-20
4.0 0.156 0.875 38.3760 1.0 4.5 4.07G- 1-2C 0.0242I. 4.5 5.324 0.125 47.85 5. 960 9.5 8.51 0.0132G- 1-20
4.5 0.860.1575 60 38.28 1.0 4.5 4.05G- 1-20 0.0245
5.0 5.204 0.126 47.75 5. 860 9.3 8.39G- 1-20 0.0134
__5.0 0.850.157 38.20 0.960 4.5G- 1-20 4.03 0.02473 6.0 5.040.1264 60.- 5.6 9.147.6 1 8.21 0.0138G- 1-20 -5_
_4.01l 6.0 0.830.15860 38.09 0.9 4.5 0.0250
7.0 4..920.1264 5. 560 47.51 9.0 8.09 0,0141G-1-20G--1-20
7.0 0.820.158 0. 95 60 38.01 4.4 3.99 0.0253G- 1-20
8.0 4.844 5. 460 47.43 8.9 8.00 0.0143G- 1-2 0
_0.02558.0 0.1260.158 0.£3160 37.95 4.4 -3.9 8G- 1-20
9.0 0.127 4.7 84 5. 347.3860 8.8 7.94G- 1-20 0.0144
`3.9-7- _0.02569.0 0.810. 15.8 4.460 37.90 0.9G- 1-210
1.5 0.128 4.334 70 54.74 4.8 8.3 7.46G- 1-20 0.0157
1.5 0.160 0.765 43.79 4.370 0.8 3.89G- 1-20 0.0267
2.0 0.130 3.824 7.770 4.2 6.901-20 0.0174. 0._131 3.554 54.0353.6070 7.33.9G- 1-20 6.61
3.0_it 0.131 3.38 7.153.3270 3.8 6.43G- 1-20 0.0180.01923,.5 0.132 3.2753.12 7.04 70 3.6G- 1-20 6.31 0._01974.0 0.132 3.1952.97 6.94 70 3-5G- 1-20 6.22 0.02014 - 0. 132 3.134 52.85 6.870 3.5G- 1-20 6.15 0.0204
5.0 0.133 3.0852.75 6.870 3.4G- 1-20_ 6.10 0.020E
_4_ 6.0 133 52-61 3.01 6.74 70 3.3G- 1-20 6.02 0.02IC
7.0 0.133 52.51 2.96 6.64 70 3.3 5.97G 1-20 0.021?0. 1348.0 52.43 2.93 6.6704 3.3 5.93 0.021sG- 1-20 9.. 0 0.134 52.38 6.52.904 70 3. 2 0.0216G- 1-20 5.89
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1 .3 80 0.134 59.74G 1 2C 6.5 5.84 0.02193.2 2.85
80G- 1-20 2.( 59.030. 136) 5.542.9 2.59 6.2
__0.0236_it 2.53 80 58.60G- 1-20 0.137 2. 7 6.0 5.382.45 0.0247
3.C4 80 58.32 2.3 60.137 5.92. 6 5.27_
_0.025.4Lt 33 80 58.12G-1-2CG-1-20 0.138 2.30 5 .8 5.202.6 0.0259
4.CZ 80G- 1-20 57.970. 13.9 2. 5 2.25 5.7 5.15 0,0263
43 4 80G- 1-2 C 57.85 2.22 5.72.5 5.11 0.0267If. 5.C 8 0G- 1- 2 0 0.130.139 2.195 7. 7 5 2.4 5-..6 5.08 0.0269
63 4 80 57.610.139 2.152.4 5.6 5.03 0.0273
7.C4 8o 0.13 9-6_1-20G-1-2-0 -8.C 57.51 2.122.4 5.6 5.00 0.0275
3 4 80
_...6- 1-20 0.139 57.43 2.102.3 5.5 4.97 0.02779.C4 80 0. 139G- 1-20 57.38 2.092. 3 5.5 4.95 0.0279
1. 53 4 90 0.139G- 1-20 64.74 2.132.4 5.6 5.01 0.0274
2.C4 90 0.141 64.03G- 1-20 1.972.2 5.3 4.81 0. 0 2 91
3 2.54 90 0.142G- 1-20 63.60 1.882.1 5.2 4.70 0.0302
3.C4 9-0-- 0.142G- 1-20 63.32 2.0 5.1 4.63 0.0309-1.82-.--3.3 4 90 0.143G- 1-20 63.12 1.782.0 5.1 4.58 0.0314
4 90 0.143 62.97 1.75_ G-_1=20_ 1.9 5.1 4.55 0.03183 4.4.54 90 0.143 62.85G- 1-20 1.731.9 5.0 4.52 0.03215.04 90 0. 143 62-.7..5G- 1-20 1.711.9 5.0 14.50 __0.03236.03 4 0.14490 62.61G_1- 2 0 1.68-1.9 5.0 4.46 0.03277.04 90 0.144G- 1-20 62.5 1 1.8 1.6 6 4.9 4.44 0.03303 8.04 90 0.144 62.43G- 1-20 1.65 4.91.8 4.42 0.03329.04 90 0.144 62.38G- 1-20 1.641.8 4.9 4.41 0.03333 1.59 0.12535 4.61G-21-40 27.96 5. 1 13.1 11.80 0.0002
1.510 0.13935 1.4525.16G-21-40 1.6 9.6 8.64 0,00033 2.08 0.12535 4.61G-21-40 27.89 5. 1 12.2 10.98 0.00052.58 0.136G-21-40 35 25.75 2.002.2 8.8 7.89-- -5-3 3.07 0.126 4.57G-21-40 27.80 5.1 11.3 10.13 0100110.00123.57 0.13135G-21-40 2.8926.64 3.2 9.1 8.22 0.00184.07 0.13635G-21-40 2.1225.77 8.12.4 7..27 0.00244.57 0.140G-21-4 C 35 1.6825.09 1.9 7.4 6.70 0.0029. 3 5.06G-21-40 0. 12235) 6.8628.64 7.6 13.1 11.77 0.0019
.3 6.0 0.1263 5_G-21-4C 5.027.69 10.3 9.25 0.0028_4.517.06 0.130G-21-40 35 3.4627.01 3.8 9.0 8.09 0.00363 8.06 0.132G-21-40 35 3. 2 2.8826.50 8.2 7.42 0.0042
.3 9.06 0.134G-21-40 35 2. 8 2.5126.10 7. 8 6.99 0.00471.58 0.122 6.4740G-21-4C 32.70 7.2 14.5 13.01 0.00033 1.5 0.138G-21-4C 40 29.07 1.691.9 9.1 8.23 0.00063 1.510 0.153G-21-40 40 26-16 0. 7 8.0 7.17 0.0006
_0.63
_14.562.07 0.120G-21-40 8.7340 33.30 9. 7 16.2 0.00062.n8 40 0.137G-2 1-4 0 1.8329.1.4 2.0 8.5 7.66 0.0012
.3 2.09 0.154G-21-40 40 0. 7 0.6425.90 7.2 6.47 0.0014
_2. 57G-21-40 30.86 3.7 9.7..0-130-40- 0.00161.--I-
_`8.722.5 0.148G-21-40 40 3.320.9627.00 701 6.36 0.00213 3.07 0.13740,--G-21-40 1.99-2.2 7.9 7.10 0.0025
_29.23
-5--.-7-53.08 0..156 0,6G-21-40 40 0. 72_5.58 6.4 0.00313.56 0.122 6,.91G-21-40 40 32.7 5 7.7 13.1 11.82 0.00193 3.57 0.143 1.4140G-21-40 28.07 1.6 7.0 6.33 0.00343 0.1266 4.65-4--0G-21-40 31.73 5.2 10.5 9.41 0.0027__40 _T0.00424.07 0..147 1.10G-21-40__. 40 27.19 1.2 6.5 - 5.863 4.5 0.1296G-21-40 3.5540 30.94 3.9 9.1 8.19 0,003576.23\ t.5 0.1517 0.91G--21-40 40 26.52 -1-.- Q- 5, 55 0.00505.0 0.1326 2.90G-21-40 40 30.30 3. 2 8.3 7.44 0.00423 5.0 0.1547 0.78G-21-40 40 25.97 0.9 5.9 5.33 0.0056l 6.0 0.136 2.18G-21-40 29.35 7.32.4-6- 6.59_40 0.00536.0 0.1597 0.62r-21-40 40 25.16 0. 7 5.6 5.03 0.00683 7.0 0.1406 1.8040G-21-40 28.67 6.82.0 6.10 0.00638.0 0.1426 1.56G-21-40 40 28.16 6.41.7 5.79 0.00719.0 0.120L 5 33-32 9.1940G-21-40 14.8.10.2 13.36 0.00349.0 0.1446 27.77G--21-40 40 1.40 6.21.6 5.57 0.00771.-5- 0.124N 7 50 40.23G-21-40 5.35_5.9 12.2 10.98 000101.5 0.1428 35.2050G-21-40 1.361.5 7. 8 6.99 0.00161.5 0.160 31.299G-21-4C 50 0.49 6.80. 5 6.12 0.00182.0 0.138 36.167 50G-21-40 1.82 7.62.o 6.88 0.00272.0 0.158a 31.6450G-21-40 0__0. 7 6.3 0.0033
206
3^ 6 2.5 0 0.00300.127 39.34 8.964. 7 10.04.24G-21-40
7 2.5 50 0.148 5.76 0.004533.72 6.41.2 1.04G-21-40
3 3.0 506 7.100.134 7.9 0.004637.44 2.9 2.60G-2 1-40
7 50 0._156 5.8 5.2.1 0.00600.720. 8G-21-40 32.09-
3 3.5 50 0.1396 6.9 6.23 0.006036.08 2. 1 1.90G-21-40
4.0 506 0. 113 6.4 5.72 0.007335.06 1. 7 1.51G-21-40
3 504.5 0.1225 41.12 7.58 13.0 0.00418.4 11.69G-21-40
504.56 0.146 1.2734.27 6.0 0,00841.4 5.39G-21-403
3 505.05 0.124 5.92 9.9640-36 0.00526.6 11.1G-2 1-40
5.0 506 0.149 1.11 5.153 3. 6 4 0.00931.2G-21-40G-21-40 `5.7 -6-02-0-3 6.0 50 0.1L7 4.2839.22 9.14.8 0.0069
E6.0 50 0.1536 0.9132.69 4.831.0 5.4 0.0109G-21-40
3 7.0 505 0.130 3.47 7.313.938.41 8.1 0.0082G-21-40
507.0 0.1566 0.79 5.1 4.6332-01 0.9 0.0122_G-21-40
3 50-8.05 0.132 2.9937-80 3. 3 6.77G-21-40 0.0093
8.06'3 0.1.59 0.7131.50 0.8 5.0 4.48G-21-40 0.0132--50-
3 509.05 0. 134 37.32 3.0 2.68 7.1 6.41 0.0102_G-2.1-40
3 601.57 0.139 1.7143.09 6.741.9 7.5 0.0029G-21-40
3 601.58 0.159 0.56 6.2 5.5837.70 0.6 0.0034G-21-40
2.06 0.132 45.52 2.94 8.33. 3 0.00417.49G-21-40 -60-
_73 602.0 54- 0.7939.02 5.90.9 5.34 _.0.00.5.6_G-21-40
602.56 1.6942.67 6.61.9 5.96 0.0 0 6 6G-21-40
3 603.05 6,730.1410.123 48.92 12.07. 5 10.81 0.0046G-21-40
3 603.0b 0.147 40.77 1.19 5.91.3 5.27 0,0088G-21-40
3 603.5 4.505 9.40.127 47.29 5.0 0.00668.44G-21-40
603.56 0.940.152 5.439.41 1.0 4.88 0.0106G-21-4C
_ . 30--
-G-6-68-2-3 604.05 3.4646.07 8.13. 8 7.30G-21-40
604.06 0.78 5.10. 156 38.39 0.9 4.62 0,0122
3 604.5 2.8645.120. 133 3. 2 7.4 6.62 0.0097G-21-40G-21-40
604.56 0.680.160 4.90.837.60 4.44G-21-40 0.01363 605.05 2.470.135 6.944.36 2.7 6.17 0.0109G-21-40
6.05 2.000_.139 6.243.22 2.2 5.60G-21-40 0.0129-6.0-^5
_0.01453 607.0 1.7342.41 5.9G-21-40 0. 1L1 1.9 5.27
,3 608.05 1.5641.80 5.6G-21-40 1.7 5.04 0.01580.144
_0.01689.0 605 0.145 1.43 5.441.32 1.6G-21-40 4.88
701.56 0.131 53.60 3.213. 6 8.7G-2.1-40 7.81 0.003833 701.57 0.152 0.8545.95 0.9 6.0G-21-40 5.44 0.0053
2.06 0.143 48.85 1.46 6.3G-21-4C 1.670- 5.65
_0.0_0753 702.55 4.530.127 55.20 9.45.0G-21-4C 8.47 0.0065_
702.56 0.152 46.00G-21-40 1.0 5.4 4.88 0.0106
_0.943 703.05 3.00_0.132 52.92 3. 3G-21-40 7.5 6.78 0.0093
703.06 0.159 44.10 0.71G-21-4 0 0. 8 5.0 4.49 0.0132t 3 703.55 0.136 2.2951.29G-21-40 2.5 6.6 5.96 0.0116t 3 704.05 1.9050.07 2. 1G-21-40 6.1 5.47_4.5 0.0135-0.1-40.-
----5.153'3 70 0.143 1.6449.12G-21-40 1.8 507 0.0151
705.05 0.145 1.47G-21-40 1.6 4.9248.36 5.5 0.0165f 33 706.05 0.148 1.24G-21-40 47.22 1.4 5.1 4.61_ 0.0187
707.04 0.121 .13.38.69G-21-40 58.01 9. 7 12.00 0.0086
707.05 0.151 1.10G-21-4 0 46.41 1. 2 4.9 4.42 0.02043 708.04 0.122 7.21G-21-40 57-25 8.0 11.6 10.48 0.0101_ _33 708.0 0.153 1.0145.80G-21-40 1.1 4.8 4.28 0.021.8
709.04 6.32G-21-40 56.65 7.0 10.6 9.55 0.0114_0.124
-0.943' 16-_ 9.05 0. 151,.-G-2 1-40 45.32 4.61..0 4.18 000229
801.56 0..141G-21-40 56.94 6.61.9 1.70 5.97 0.0066f3 802.0 0.1285 62.62 9.0G-21-40 4.7 4.19 8.10 0.00703 802.06 0.153 5.3G-21-40 0.891.0 4.81 010110'3 802.5 0.135 52-1959.20 6.9G-2 1-40 2.8 2.49 6.19 0.01093 8o3.0 0.1415 56.92 6.0G-21-40 2.0 1.82 5.38 0.01400.1 _45803.55 55.29 5.5G-21-40 1.6 1.47 4.93 0.0165
804.0 0.1485 54.07 5.2G-21-40 1.4 1.26 4.64 0.0186
4.5 80 0.1515 53-12G-21-40 4.91.2 1.12 4.44 0.0203
5.0 80 0.1535 52.36G-21-40 1.1 4.81.01 4.29 0.0218
6.0 804 0.125 64.03G-21-40 6.2 5.54 9.7 8.74 0.0127
6.0 80 0.1565 51.22G-21-40 1.0 0.88 4.5 4.08 0.0241
7.t)4 80 0.127 63.01G-21-40 5.2 4.66 8.7 7.81 0.0147
7.0 80 0.1595 n_n2co50.41G-21-40 0.9 4.40.79 3.94
207
7.23 0.0163fit 13.0 8. 00.129 4.1262.2.5 4. 63 21-40
0._01764t 6.847.69.0 8 0 3.760.130 61.65 ei. 23 ^0.0096G-21-40
5.095.7ci 1.5 90 0.149 60-27 1.081. 23 0-21-40
0.01.515.72.5 9 0 1.651. 80. 14 2 63.203 5
_5.160-2 1-40
0.01843.0 5.2 4.6690 1.270.1435 60.92 1.43 G-21-40
0.02114.353.5 4.890 1.060.152 1.25 59.29G-21-40
4.0 0.02334.1590 4.60.920.1553 1.05 58.07G-21-40
4.5 4.0190 4.50.830.1585 0.93-- 57.12G-21-40
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-0G-16-30 4 37.720.14 1 2. 1 2.52 5.2 6.29 0.0301
211
It 1.5 50 0.131 48.48 7.72 0.01222.872.4 6.4-16-30
2.0 50 0.121 9.655.23 0,008,611.54 13.3 15.96G-16-30
2.0 50 0.1514 5 44.19 4.91.2 5.89 0.02051.47G-16-3C
2.5 50 0.128 52..02 0.01594. 7 5.6 4 8.2G-16-3C 9.81
3.0 50 0.134 6.54 49.87 7.85 0.02173. 86G-16-30 3. 2
3.5 501*3- 0. 138 48.34 5.7 6.882.5 3.02 0.0262
4.0 50 0.14144 6.314 7.]. 9 5.32. 1. 2.53 0.0299G-16-3C
ih 4.5 50 0.144 2.21 4.946-30G-16-30- 1,. 8 0.0335.0 504 0.1464 1.99445.5 8 4.7 5.925.6416- 3 0 1.7 0.0356
6.0 50 0.150 1.71 5.27G-16-30 44.5 1 I.4 4.4 0.039643.747.0 504 0.1.524 1.53 4.21.3 5.03 0.0427G-16_30
6.0 50 0.154 1.4143.17 1.2 4.1 4.87 0.0451G-16-30
9.0 504 0.156 1.3342.72 1. 1 4.754.0 0.0470G-16-30
1. 5 605 0.152 5.7452.4 8 1. 1 1.37 4.8G-16- 3 0 0.0215
2.0 604 4 0.133 4.0860.23 3.4 6.7 8.09 0.0208G-16-30
2.5 60 57.02 2.662.2 5.4 6.46 0.0289G-16-3C 0.140
3.0 604 0. 14 6 4.754.87 2.04 5.701.7G-16-30 0.0350
3.5 60 0. 150 53.34 1.691.4 4.4 5.25 0,0399G-16-30
4.0 604 4 0.153 4.152.19 1.481.2 4.96 0.0437G-16-30
4.5 604 0.156 51.30 4.01. 1 1.33 4.75 0.0469G-16-30
r 0 604 4 0. 158 50.58 1.23 3.81.0 4.60G-16-30 0.0495
7.0 603 0.123 64.99 9.147.6 10.3 12.39 0.0242G-16-30
8.0 604 3 0.125 64.22 9.36.6 7.96 11.17 0.0272G-16-30
9.0 604 3 0.126 63.63 7.196.0 8.6 10.37 0.02950-16-30
2.5 704 4 62.02 4.30.150 1.4 1.66 5.20 0.0405G-16-30
3.0 704 59.87 4.00.156 1.341.1 4.76 0,0468G-16-3C
3.54 704 0.160 58.34 3.71.151.0 4.48G-16-3C 0.051724
.4 2.09 0.127 25.19 4. 3 _ 5.14G-31-45 14.58 0.0002_
_12.22.54 248 4.6 11.60.127 25.28 5.54 13.97C-31-45 0.0005
3.04 247 0.120 9.3 11.14 15.726.57G-31-45 18.88 0.0006
4.54 246 0.121 9.0 10.76 14.5G-31-45 26.47 17.38 0.0016
5.0 246 5.6 6.760.125 11.025.57G-31-45 13.15 0,0025
9.04 5 8.50.121 10.24 13.126.34G-31-45 15.73 0.0041
1.5 24309 0.129 3.6 4.37G-31-4 5 11.4 0,000313.6831.041.54 3010 0.143 9.027.94 1.2 1.49G-31-45 10.80 0.0004
1.5 3011 0.157 0.5 0.6025.40 8.3G-31-45 9.92 0.0004
2.04 30£? 2. 50.134 9.23.0329.84G-31-45 10.99 0.0010
2.0 309 0.151_ 0.9 1.03 7.526.52G-31-45 8.98 0.00127.54 2.5 307 0.131 30.61 4.073.4G-31-45 11.21 0.0017
2.5 308 0.149G-31-45 26.78 7.01.211.0 8.35 0,00234 3.0 306 33.00 10.300.121 8.6 14.1G-31-45 16.89 0.0017
3.0 307 0.141 28.28 1.7 2.01 7.2G-31-45 8.61 0.00324 3.5 306 0.129 4.92 9.331.06 4. 1G-31-45 11.14 0.00344 3.5 307 0.150 1.25 6.2G-31-45 1.0 7.47 0_.004926.624.0 306 0.135 3.132.6 7.529.61G-31-4t5 9.06 0.00504 4.0 3-07 0.158G-31-45 0.7 0.88 5. 7 6.81 0.006425.384.5 306 0.140 1.9 2.27G-31-45 28.47 7.96 0.00665.0 305 0.121 10.97G-31-45 33.08 9. 1 13.7 16.48 0.00385.0 306 0.145 1.771.5G-31-45 27.57 6.1 7.28 0.00814 6.0 305 0.127 5.864.9G-31-45 31.46 9.2 11.10 0.00676.0 306 1.230.-15 3G-31-45 26. 21 1.0 5.4 6.47 0.0108i4 7.0 305 0.132 4.0630.29G-31-45 3. 4 7.6 9.11 0.00920- .0-1317.6- 306 0.158G-31-45 25 24 0.8 5.0 6.00
8.0 305 0.136 3.162.6 6.7G-31-45 29.42 8.06 0.01134 9.0 305 0. 139 28.74G-31-4 5 2.2 2.62 6.2 7.41 0.0131`4 351.58 0.129 36.17G-31-45 3. 7 4.47 10.6 12.74 0,0007351.59 0.145 32.15 8.1G-31-45 1.41 9.68 0.0009352.07 0. 131 35.53 3.2G-31-45 9. -13.87 10.97 0.00184 352.0 0.1508 31.09 6.9G-31-45 1.0 .1.16 8.26 0.00234 352.5 0.1256G-31-45 37-38 5.8 11.16.95 13.35 0.0024352.57 0.146 32.04 1.3G-31-45 6.71.59 7.99 0.00403.0 -35-6 34.66G-31-45 2.7 7.63.230.135 9.18 0.0049353.0 0.1577 0.829.71G-31-45 0.91 5.7 6.85 0.0063353..5 0.1436 32.73C-31-45 2.021.7 6.4 7.63 0.00734. 354.0 0. 1245 37.53 7.53G-31-45 6. 3 10.7 0.005412.89354.-C) 0 1 96G-31-45 31.27 5.71.2 6.80 0.00951.44
212
0.007610.2136.170.129 5.05 8.54.24 G-31-45 35
0.01165.2 6.284.5 30.14 0.90.155 1.116 354 G-31-45
0.00977.3 8.815.01 3.235.080.133 3.8035G-31-454
0.01365.924.90.160 0.829.24 0.916G-31-45 354
0.01336.0 6.1 7.350.139 33.46 2.5754 35G-31-45
5.5 0.01640.145 1..6 6.5932-295 1.98354 G-31-45 7.0
5.1 6.12 0.01895 0.149 1.431.42 1.63354 G-31-45
9.0 0.121 0.00934 0.57 12.5 14.9638.43 8.84 35G-31-45
9.0 0. 152 4.8 5.80 0.02111.2 1.415 30.74354 G-31-45
1.5 0.125 6.84 0.001011.9 14.321 42.77 5.7404 G-31-45
1.5 9.250.143 1.76 7.7 0.00161.537.42404 G-31-45 6 2.0 0.124 7.79 0.00226 6.5 14.2611.943.11404 G-31-45
2.0 0.144 8.177 1.71 6.8 0.00371.436.95404 G-31-45
2.56 0.137 2.85 7.3 0.00542.4 8.7140 39.044 G-31-45
0.00692.57 0.820.159 6.685.60.740 33.474 G-31-45
3.05 9.287.7 14.7340 12.343.604 G-31-45 0.122 0.0045
3.06 0.147 1.62 5.9 7.07 0.00871.440 36.33G-31-454
3.55 0.129 4.97 8.4 10.13 0.007741.27 4. 1404 G-31-45
3.5 0.9 5.20.155 6.26 0.01171.1040 34.394 G-31-45
4.05 6.9 0.01070.135 3.36 8.302.839.534 G-31-45 40
4.55 6.1 7.31 0.01350.140 38.17 2.1 2.54404 G-31-45
5.05 1.7 2.05 5.6 6.68 0.01590.14440 37.084 G-31-45
6.04 0.120 44.32 16.512.08 13.8 0.008310.1404 G-31-45
6.05 4.9 5.93 0.020235.46 1.2 1.500.15040G-31-4 5
4 7.0 0.01227.76 10.0 12.0442.87 6.50.124404 G-31-45
7.05 4.61.0 1.20 0.02360.156 34.29G-31-45





8.05 0.9 4.31.02 5.20 0.02650.16040G-31-45 33.42
40.939.0 4.0 4.82 7.4 8.92 0.01810.130404 G-31-45
1.56 5.6 6.69 10.9 13.08 0.002553.230.12550G-31-45
1.57 7.941.3 6.645.63 1.55 0.004150 0.1464 G-31-45
2.06 1.6 6.21.92 7.49 0.007646.45G-31-45 0.14450
2.55 3.6 9.420.131 7.84.33 0.008750.85504 G-31-45
2.56 6.080.8 1.00 5.10.157 42.38 0.0126G-31-45 50
3.05 2.1 7.250.140 6.047.60 2.49 0.01374 50G-31-45
3.55 45.27 1.4 5.21.73 6.260.147 0.018150G-31-45
4 4.0 7.80.123 54.41 9.364 G-31-45 50 11.4 13.71 0.0104
113.534.05 1.1 1.33 4.7 5.680.15350 0.0220G-31-45
4 4.5 5.452.710.1264 50 6.47 8.9 10.68 0.0142G-31-45
4.55 42-17 0.9 4.41.09 5.30 0.025450 0.158G-31-45
5.04 51.36 9.100.130 5.00 7.64.24 50 0.0176G-31-45
4 6.0 49.32 2.9 3.53 6.2 7.47 0.023350 0.135G-31-45
7.04 0.1394 50 2.3 5.5 6.6347.87 2.80 0.0277G-31-45
8.0 0.143 6.1246.78 2.0 5.1 0.031350 2.38G-31-45 4
0.03439.04 0.145 2.10 4.84 50 45.93 1.7G-31-45
1.56 1.8 2.1560 56.56 6.5 0.0069
5.777
0.141G-31-45
0.01022.0 0.134 3.584 3.0 7.159.74 8.5660G-31-45
2.55 0.146 1.5 1.8560 6.4254.85 5.4 0.0172G-31-45
3.04 6.74 0.12460 8.0464.50 10.3 0.011812.34G-31-45
3.05 1.060 0.155 1.23 5.5351.60 4.6 0.0233G-31-45
7.6 9.073.54 4.10.130 4.9760 61.59 0.01776-31-45 4.0 60 0.135 3.64 6.359.41 3.0 7.60G-31-45 0.02274
6.754.544 60 2.4 2.900.139 57.71 0.0270G-31-45
5.04 5.260 2.0 2.45 6.200.142 56.36 0.0307G-31-45
6.04 4.61.660 1.9154.32 5.53G-31-45 0.147 0.0367
4
7.04 60 4.352-87 1.601.3 5.130.151 0.0414G-31-45
608.04 1.2 1.41 4.10.155 4.86G-31-45
9.04 60 3.950.93 1.1 1.28 4.670.157G-31-45 0.0482
1.54 6 70 5.259.90 0.90.156 1.07 6.20G-31-45 0.0120
2.05 70 63.74 1.5 5.30.146 6.351.80 0.0176G-31-45
2.554 70 53.85 0.90.159 1.06 4.4 5.27G-31-45 0.0258
4.04 70 64.410.145 2.121.8 4.8 5.80 0.0340G-31-45
4.54 70 62.710.149 1.781.5 4.5G-31-45 5.36 0.0385
5.04 70 61.360.152 1.551.3 4.2G-31-45 5.06 0.0424
6.04 70 0.157 59.32 1.26 3.9G-31-45 1.1 4.65 0.0485











































4 3. 6.3 7. 5 7G-46-n 0. 1.23 25.92?474 13.5 16.21 0.0004
7G-46-60 8.226.360.121 9..8524 14.64 4.5 0.000717.54244 5.(7G-46-60 0.127 25-22 4.6 5.56 10. 8 12-92 0.0013(3-46-60 7.(4 6 0.123 6. 9 8.30 12. 3 14-.80 0_.0021_25.991..`.4 11G-46-60 32.400.123 5.93 0 7.06 15.8 18.94 0.0000
4 1._1.2G-46-00 0.13530 29.70 2.0 2.42 11.9 14.30 0.0000
32.9 ti9 2.(4 G-46-60 0.12130 7. 8 9.39 16.1 19,27 0.0001
2.(4 10G-46-6C 0.13530 29.64 2.2 10.4 12.47 0.00.02
2.(4 G-46-6() 0.14830 26.95 0.8 2.591.01 9.1 10.89 0.0002
2ycG-46-6() 32.5630 6.7 8.10.0..-123 14.0
_16._78_ 0.0004
-2. c4 G-46-60 0.13830 28.94 1.8 2.17 9.0 10.85 0.0006
2.G10G-46-60 0.15430 26.05 0.74 0.81 7.9 9.50 0.0007
8 3.(4 0.135G-46-60 30 29.56 2.3 2.78 8.9 10.66 0.0010
3.(9G-46-60 0.15230 26.28 0. 84 0.95 7.4 8.84 0.001334 0-46-6C 0.12830 31.31+ 4.3 5.21 10.4 12.52 0.00143.8G-46-60 304 1.2 1.450_._146_ 7.3 8.7727.42 0.00194.(74 G-46-60 0.13630 2_9.50 2.4 2.87 8. 1 9.76 0.0023
4.C8G-46-60 0.155304 25.8 1 0. 8 0.91 6.5 7.79 0.0029
464 G-46-60 30 0.122 32.75 7. 7 9.25 13.2 15.80 0.0019
7 1G-46-60 30 0.-14.2- 28.074 1.6 1.89 7.o 8.44 0._0034_5C64 G-46-6C 30 0.127 31.42 4.6 5.56 9.9 _11.85 0.00305C7G-46-6C 30 0.149 26.93 1.1 1.37 6.4 7.65 0.00456.C64 G-46-60 30 0.136 29.42 2.5 2.97 7.4 8.85 0.00527 6.CG-46-60 30 0.159 25.22 0. 7 0.85 5.6 6.73 0.00677.C64 G-46-60 30 -7.590.143 27.09 1.7 1.99 6.3 0.00738.05G-46-60 3.0- 0.124 32-314 6.6 7.95 11. 13.34 0.00516 fi.04 G-46-6C 30 0.149 26-92 1.2 1.49 5.7 6.87 0.00939.05G-46-60 30 0.128 31.31 4.6 5.58 9.0 10.80 0,00706 9.04 G-46-60 -3 0 0.153 26.09 i.0 1.19 5.3 6.41 0.0111
1.51.0G-46-60 0.12735 36.64 4.0 4.84 12.8 15.30 0.0001
1.54 11G-46-6G 0.14035 33.31 1.4 1.71 10.2 12.18. 0.00011.512G-46-60 0._15335 30.53 o.6 0.72 9.3 11.19 0.00028 2.04 G-46-60 0.12235 38.30 7.6 9.14 14.9 17.89 0-.00039 2.0G-46-60 0.13735 34.05 2.0 2.34 9.2 11.10 0,00052.04 10G-46-60 0.15235 0. 730.64 0.87 8.0 9.63 0.00061 2.5G-46-60 0.12135 38.64 8.9 10.65 15.3 18.38 0.00078 2.4 G-46-60 0.13835 33-81 1.9 2.32 8.4 10.05 0.00129 2.5G-46-60 3-5- 3 0.0 5 0. 7 7.1
_0.155 8.54 0.00157 3.04 G-46-60 0.13335 35-21 3. 0 0.813.55 10.59 0.00193.0F)G-46-60 35 0.151 30.81 0.9 1.08 8.86.8 8.12 0. 0 0 2 53.64 G-46-60 35 0.122 38.23 7.7 9.30 13.2 15.85 0.00193.7G-46-60 0.142-35 32..76 1.6 1.90 7.0 8.45 0.00344.064 G-46-60 35 0.129 36.08 3. 9 4.72 9.1 10.90 0.00357 4.0G-46-60 35 0.151 30.93 1.0 1.22 6.2 7.40 0.0050
_3.044.564 G-46-60 35 0.136- 34.42 2.5 7.5 8.94 0.00514.574 G-46-60 0.1-5-8- 29.50 0.7
_0.8 6 5.63-5- 6.76 0.00665.04 6G-46-60 35 0.141 33.09 1.8 2'.2 0- 6.6
__-7.8 7 0.00686.05G-46-60 35 0.125 37.31 5. 9 7: 02 10.3 12.35 0.00576.04 6G-46-60 35 0.150 31.09 1.2 1.38 5.6 6.71 0.00987.05G-46-60 35 0.131 .3.635.59 4.33 7. 8 0.0087_2.0.'.6_6_
___9.41 --6-0-126-7.04 6G-46-60 35 0.157 0.8- 1.00 6.088.05G-46-60 35 0.136 34.31 2. 6 3.14 6.7 8.04 0:01130. 140-
_2.49-9.04 G-46-60 35 33--.3-l-- b. 0- 7.25 0.01371.59G-46-60 40 41-820. 129 4.924. 1 11.9 14.33 0.00031.54 10G-46-60 40 37.640.142 1.4 1.63 9.2 11.04 0.00031.511G-46-60 40_ 34.2.2_0.156 0.5_G-46-60 0.66 8.4 10.07 0.0004-2-.4-4 2.08 40 0.135 39.55 2.87` .10.78 0.00102.09G-46-60 40 35.160.152 0.8 0.98 7.4 8.89 0.00124 2.57G-46-60 0.133 40.07 2.8 3.40 8.7 10.42 0.00202.58 40404 0.152 35.06G-46-60_ 0.9 1.04 6.7 8.06 0.00264 3.06G-46-60 40 42.750.125 a.8 7.01 11.2 13.42 0.00243.074 G-46-60 40 0.146 36.64 1..3 1.60 6.7 8.01 0.00404 3.56G-46-60 40 0.134 39.89 2.9 3.44 7.9 9.42 0.00463.57G-46-60 40 0.156 34.19 0. 8 0.95 5.8 6.94 0.00614.04- 6G-46-60 40 0.141 37.75 1.8 2.17 6.5 7.83 0.00684.51+ 5G-46-60 40 0.123 43.30 7. 1 8.49 11.6 0.0048
-13.90
214
4 6 0 148G-46-60 36.01)40 1.3 1.514 5.8 6.96 0.0090Li 5.0 0.128_ 5G-46-60 41.7040 4. 6 5.52 9.9 10.7 3 0.00714 0.153G-46-60 34.7540 1,0 1.18 5.3 6.40 0.0111
6.0LI 5G-46-60 0.1364 0 2.7 3.21 8.12 0.011239. 6.87.04 5G-46-60 0.14240 37.59 2.26 5.8 6.96 0.01484 8. 0G-46-GO 0. 14740 36.3 1 1 5 1.76 5.3 6.30 0.017944.140.04 4 0.121G-46-60 40 9.5 11.35 13.1 15.76 0.0087
4 G-46-00 0.15140 35.31 1. 2 1.46a 4.9 5.87 0.02060.00104 1.5C-46-60 0. 13550 49.55 2 93 9.0 10.869 1.54 G-46-60 50 44.04 2 .4 1.00 7.4.0.151 8.93 0.00122.04 G-46-60 0.1.3950 48.06 2.0 2.36 7.6 9.09 0.002884 2.0G-46-60 0.15950 42.05 0.6 0.76 6.2 7.49 0.003464 2.5G-46-60 50 0.13 50.08 3.0 3.57 8.0 9.58 0.004574 2.5G-46-60 50 0.155 42.92 0.8 0.98 5.8 6.99 0.00595 3.04 G-46-60 50 0.12.1 55.30 9.5 11.45 14.1 16.98 0.003764 3.0G-46-60 0.145 46.0850 1. 5 1.81 6.1 7.34 0.00790.007954 3.5G-46-60 0.129 51.87 4.4 5.25 8.7 10.436 3.5 50G-46-60 0.1544 4 3. 2 3 l.0 1.14 5.3 6.33 0.01145 504 4.0G-46-60 0.135 49.30 2.7 3.30 6.9 8.23 0.01094 4.5 50G-46-60 0. 141 47.305 2.0 2.38 5.9 7.11 0.01424 5 50G-46-60 5.0 0.146 45.70 1. 5 1.85 5.4 6.42 1724 506.0G-46-60 0.123 54.1314 7.3 8.77 10.9 13.1054 6.0 50G-46-60 0.154 43.31 1. 1 1.29 4.7 5.62 0001100. 2254 50G-46-60 7. 0 0.128 51.994 4.7 5.62 8.1 9.78 0.016044 50G-46-60 8.0 50.39 3. r0.132 4.21 6.9 8.24 0.02024 9.0 50G-46-60 49.144. 0.136 2.9 3.43 6.1 7.36 0.02384 G-46-60 601.5 0.134 59.48 2.6 3.09 8.4 10.03 0.0022G-46-60 1.5 604 8 0.154 52.05 0.8 0.97 6.6 7.90 0.002864 G-46-60 602.0 0.135 59.41 2. 7 3.23 7.6 9.17 0.00497G-46-60 60 0. 1 574 50.92 0. 8 0.91 5.7 6.85 0.006354 G-46-60 2.5 60 0.125 64.09 6.0 7.20 10.5 12.55 0.005664 G-46-60 2.5 60 0.150 53.41 1.2 1.40 5.6 6.74 0.00970.01074 G-46-60 3.0 60 0. 135 59.30 2.8 .3. 3 6 8,305 3.56-46-60 0.143 55.87 1.8.60- 2.11 5.6 0.01566.7754 G- 46- 6 0 4. 0 60 0.150 53.30 1.3 1.52 5.0 5.96 0.02004 4.5G-46-60 60 0.125 64.13 6. 3 7.52 9.8 11.79 0.012554 G-46-60 4.5 60 0.156 51.30 1.0 1.18 4.5 5.46 0.02394 5.0G-46-60 60 0.129 62.13 4. 5 5.40 7.9 9.54 0.016644 6.0G-46-60 66- 59.130. 135 2. 9 3.50 6.2 7.45 0.02344 7.0G-46-60 60 0.140 2.2 2.65 5.4 6.45 0.0289(56.9944 8.0G-46-60 60 0.144 3.9 1. 8 2.17 4.9 5.86 0.03354 .G-46-60 609.0 0.148 54.14 1.6 1.86 4.6 5.47 0.037374 1.5G-46-60 70 0.150 52.34 1. 1 1.29 6.3 7.52 0.00476 2.0G-46-60 70 62.74 1.2 1.470.149 5.7 6.85 0.00940.018254 3.0G-46-60 70 0.147 63.30 1.4 1.72 5.2 6.24_54 3.5G-46-60 704 0.156 59.87 1.0 1.19 4.6 5.46 0.02394 G-46-60 70 0. 146 64.13 2.06 4.8 5.73 0.0 3 474 6.01.0G-46-60 70 0.151 61.99 1.4 1.65 4.3 5.20 0.04054 8.04 G-46-60 70 0.155 60-39 1.2 1.41 4.0 4..86 0.045244 G-46-60 70 0.158 59.14 1.0 1.24 3.9 4.62 0.0491
4 1.5G- 1-12 24 0.152 26-24 L. 3 1.91 4.2 6.2 9 0.0427i5 It 2.0G- 1-12 24 0.155 25.79 1. 1 1.72 4.0 6.02 0.04594 2.5G- 1-12 24 0.157 25.51 1. 1 1.61 3.9 5.87 0.04793.o4G- 1-12 4 24 0.158 25.33 1. 0 1.55 3.8 0.04923.5G- 1-12 ^24 0.159 25.20 1.0 1.5 0 3. 8 5.775.70 0.05024.0S G- 1-12 4 24 0.159 2 5. 1 0 1.0 1.47 3.8 5.6 5 0.05094.54G- 1-12 24 0. 160 25.03 1. 0 1.44 3.7 5.61 0.05155.03G- 1-12 24 0.120 33.29 10. 6 15.88 13.4 20.04 0.01826.03G- 1-12 24 0.121 33.17 10. 0 15.03 12.8 19.18 0.0191t'S 7.0G- 1-12 3 24 0.121 33.08 9. 7 14.48 12.4 18.61 0,01975 8.33 0.12 71G- 1-12 24 33.02 9.4IS 14.08 12. 1 18.21 0.02029.0-G- 1-12 3 24 0.121 32.97 9.2 13.78 11.9 17.90 0.02061.55 3G- 1-12 30 0. 128 38.99 4.9 7.38 7.5 11-28 0.0346.5 3 2..0G- 1-12 30 0.130 4.3 6.40 b.838.38. 10.24 0.0387
215
9.70 0.04136.53.9G- 1-12 3 0. 132 5.892.5 30 38.02
5 0.04309.376.23 37. 78 3. 7 5.59C- 1-12 3.0 3 0 0.132
5 9.14 0.04426.13 37.60G- 1-12 3.5 30 0.133 3. 6
4.0 6.0 8.98G- 1-12 3 3 7.4730 3.50.133 0.04.515.385.24
5 4. 5 5.9G- 1-12 3 3.4 5.13 8.86 0.045930 0.134 37.37
3 5.0 3.4 5.8 0.046530 5.04 8.77G- 1-12 0.134 37.29
5 6.03 30 3.3 0.0473G- 1-12 0.135 37.1 7 4.91 5.8 8.63
7.0 3.230 4.83 5.7G_- 1-12 3 0.135 37.0£3 8.53 0.0480G- -1-125 8.0 30 3.2 4.760.135 37.02 5.6 8.46 0.0485
3 9.0G-1_-12 30 4.7136.97 5.6 0.04888.4135 0.1355 4.10G-1-12 1.5 0.138 42.32 2. 7 5.2 7.73 0.0540
3.700.140 41.72G- 1-12 3 2.0 35 2. 5 4.9 7.28 0.058135 41.35G- 1-12 3 35 0.141 3.492.5 2.3 4.7 7.03 0.0606
3.365 3 3.0 35 41-11G- 1-12 0.142 2.2 4.6 6.88 0.0622
5 40.94G- 1-12 3 3.5 35 0.142 3.26 4.52.2 6.77 0.0634
G- 1-12 3 4.0 40.81 2. 1 3.20 4.5 6.6935 0.143 0,06445 G- 1-12 4.53 0. 143 40.71 3.1435 2.1 4.4 6.63 0.0651
5.0 0.144 40.62 3.10G- 1-12 353 4.4 6.59 0.0656
5 6.0 0.144 40.50G- 1-12 3 35 2.0 3.05 4.3 6.52 0.0665
40.42G-1--12 7.0 0 14435 2.0 3.00 4.3 6.473 0.06715 40.350.145G- 1-12 3 358.0 2.0 2.197 4.3 6.43 0.0676
9.0 40.303 35 0.145 2. 0G- 1-12 2.95 4.3 6.405 0.0680
5 45.660.14640 1.93 2.79 6.22G- 1-12 1.5 4.1 0.07055
45.0540 0.148 1. 7 4.03 2.57G- 1-12 2.0 5.95 0.0744
44.690.149403 1.0G- 1-12 2.5 2.45 3.9 5.80 0.076815
44.440.150 1.640G- 1-12 3 3.0 2.37 3.8 5.70 0.0785
44.270.1513.5 403 1.5G- 1-12 2.32 3.8 5.64 0.0796
44.140.1514.0 1.5G- 1-12 3 2.28 3.7 5.59 0.08054-0-i5 0.151 44.0440 1.5G- 1-12 3 4.5 2.25 3.7 0.0812
43.960.15240 1.5G- 1-12 3 5.0 2.22 3.7 5.55.52 0.0818
0.152 43.8440G- 1-12 3 6.0 1.5 2.19 3.7 5.48 0.0826
0.152 43.753 7.0 1.4G- 1-12 2.16 3.6 5.45 0.083240
0.153G- 1-12 3 8.0 40 43.68 1.4 2.15 3.6S 5.42 0.0836
9.0 43.63G- 1-12 3 40 1.4 2.13 3.6 5.40 0.08400.1535 0.1593G- 1-12 1.5 50 52.32 1. 1 1.69 3.2 4.83 0.09685 0.1266 1.5G-13-24 20 25.43 5. 1 7.71 10.4 15.64 0.00275 5 0.127 4.9G-13-24 2.5 26.2020 7.29 9.2 13.84 0.006755 4 27.59G-13-24 5.0 20 9. 5 L4.20 13.1 19.72 0.00870.121S- 6.0 0.1254 26.73G-13-24 20 9.43 9.8 14.77 0.0125
4 7.0 0.128 9G-13-24 20 7.34 12.57 0.015426.115 8.0 25.654 0.130G-13-24 4.1.20 6.18 8.47.5 11.31 0.0178
4 9.0 25.29G-13-24 0.13220 3.6 5.45 7.0 10.51 0.0197S 5 33-311.5 24 0.120 10.2G-13-24 15.25 14.8 22.19 0.00355 6 1.5G-13-24 24 2 7.7 60. 144 1.6 6.2 9.27 0.007729.87 2.33S 2.0G-13-24 0.13424 3.0 4.48 7.1 10.70 0.0102S G-13-24 5 2.5 24 0.144 1.7 2.55 5.6 8.35 0.016027.80 _
G-13-24 4 33.033.0 24 0.121 9. 2 13.75 12.8 19.25 0.0090
G-13-24 5 3.0 26.4324 0.151 1.2 1.80 4.9 7.30 0.02085 G-13-24 4 3.5 24 0.126 31.80 5. 7 8.57 9.2 13.87 0.0135S 5 3.5 24 25.44 0.90.157 1.40 4.5 6.71 0.0248G- 13-24 6.3724G-13-24 4 4.0 0.130 30. 88 7.7 11.52 0.0173S 4.5G-13-24 30.1624 3.40.133 5.16 6.8 1.019 0.02064 0.02334 5.0G-13-24 24 0.135 29.59 2.9 4.41 6.2 9.345 5G-13-24 6.0 28.7324 0.139 2. 3 3.51 5.5 8.30 0.02774G-13-24 28.117.0 24 0.142 2.0 3.01 5.1 7.69 0.03115 4G- 13-2 4 27.658. 0 24 1.8 4.92.68 7.290.145 0.03375 4 9.0G-13-24 27.29 1.624 0.147 2.46 4.7 7.01 0.03595 35.715 1.5G-13-24 30 0.140 2. 1 3.13 9.08 0.01365 40.344G-13-24 2.0 30 6.80.124 10.13 6.10.3 15.50 0.0117
32.275 2.0G-13-24 30 1.00.155 1.54 4.6 6.92 0.0232
4 37.752.5G-13-24 30 3.50.132 5.22 6.8 10.26 0.02045 3.0 36.034G-13-2.4 30 0.139 3.602.4 5.6 8.41 0.0272S` 4 3.5G-1 3-2 4 34.8030 0.144 1L.9 2.81,5 5.0 7.45 0.0326
4 4.0 33.88G-13-24 30 0.148 1.6 2.35 4.6 6.87 0.0371
4 4.5 33.16G-13-24 30 0.151 1.4 2.05 4.3 6.47 0.0408
4 5.0 32.5930 0.153 1.2 1.84 4.1G-13--24 6.18 0.0439
216
0.04885.805 1.0 3.90. 158 1.57i0 31.73G-13-24 4
7.C .19.2930 15. 1 5 12.93 0.121 4 1.46 10. 1iu-13-24
_0.0190
,25 F. 0.022740.373 8.C 10.9 16.4230 0. 122G-13-4 12.34
7.1 0.02563 9.830 40.39 14.720. 124+C-13-24
.-10.6-8-G-13-2 It 45 1 4714 10.5 0.0'1153 0.124 6 9. 10.34 15.73
15 35 1.0 4.6 0.023037.71 6.950.155 1.566-13-24
45 2.0 35 4.16 6.00.136 42.8I4 0.02439.05G-1.3-24
4 40.25 1.82.[ 35 0.145 2.65 4.8 0.0 340G-13-24 7.25
L,5 G-13- 2 4 0.151 1.3 2.00 4.3 6.4035 0.041538.53
4 3e5 0.156_ 1.135 37.30 0.0474G-13-24 !4.C5 10.4 1.6415.663 0. 120 48.5135 3.913.2G-13-24 5.9019.82 0.0184
7.947.553 0.123 11.92G-13-24 4.5 35 10.7 15.99 0.0233
5 9.8446.78 6. 60.1253 5.C 9.235 13.85G-13-2.4 0.0274
7.6145.646.C 0.12835 7.7G-13-24 11.5.3 0.0338
_3 -6-.9--5 6.4!f0.130 44.82 4. 3-G-13-24 3 7.C 35 10.29 0.0385
3.8 5.730.132 I+4.2 0 6.33 35 9.52G-13-24 8.C 0.0422
5 5.249.C 43.72 3, 5 6.0G-13-24t 3 35 0.133 8.99 0.0451_
49.6440 0.134 3. 1 4.65 6.4 9.614 1.5G-13-24 0.0223
It5 45.34 1. 640 6.940.147 2.41 4.6 0.0365G-13-24 2.C
/12.750. 1-5-6- 1. 14 40 4.0G-13- 2 4 5.94_2.5 0.0469
-3 3.0G-13-2 445 54.71 U. 740 13.000.122 11.4 17.10 0.0217
53.07 6.00.126 9.07403 8.73.5G-13-24 13.05 0.0293
5 51.84 4.840 7.19 7.44.0 0.129G-13-24 3 11.08 0.0353
50.88 6.0940 6.6G-13-24 0.131 4. 13 4.5 9.90 0.0403
5 90.12 3.6 6.140 5.373 5..0 0.133 9.13G-13-24 0.0443
5- 3.048.970. 13640 4.4-9- 5.43 6.0 8.16G-13-24 0.0506. ._ -13-24
5 48.15 2.6 5.140 3.973 7.0 0.138 7.58 3_30.055
47.530.140 2.43 8.0 40 3.63 4.8G-13-24 7.20 0.05895 47.060. 142 2.3 4.69.0 40 3.39G-13-24 3 6.92 0.0618
If 0.153 54.64 1.350 1.91G-13-24 1.5 4.2 6.28 0.0428
63.670.131 It. 1 6.1450 6.6G-13-24 3 2.5 9.96 0.0400
0.136 61.3850 4.583.0 3. 1G-13-24 5.5 8.26 0.0499
_3
0.140 59.7450 2. 5G-13-24 3 _ 3.5 3.77 4.9 0.0574
58.51504.0 2.2G-13-24 3 3.27 4.5 6.7 8 0.0633
5 0.1420.145 57.554.53- 50 2.0G-13-24 2.94 4.3 6.40 0.0681
0.147 56.78G-13-24 3 50 1.85.0 2.71 4.1 6.11 0.0720S 55.6450 0.1506.0 1.6G-13-24 3 2.39 3.8 5.73 0.0780
S 54.82507.0 0. 152 1.5G-13-24 2.19 3.7 5.48 0.0825
_3
-6--68-5-9-0.154 54-203 50G-13-24 8.0 1.4 2.06 3.5 5.31
53.729.0G-13-24 3 50 5 1. 3 1.96 3.5 5.18 0.0886
64-220.1564.5 60G-13-24 3 1.3 1.91 3.4 5.12 0.0898
63.455.0 60G-13-24 3 0. 158 1.2 1.79 3.3 4.96 0.0935
2.7.520.1218 1.5G--25-6 20 8.3 12.48 15.7 23.49 0.0003
0.124 26.7.97 5. 9G-25-36 20 8.80 12.1 0000102.0
_1.8.1.8^13.7525-820. 1293.0 20G-25-36 it. 0 6 0--i- 9.2 0.0034
27.725 4.0 0. 12.0 10.0G-25-36 2.0- 14.93 14.6 0.0035
-10.3 _21.8626.640.1254.5 5.6G-2.5-36 20 15.40 0065-7-
0.129 25.775.05G-25-36 4. 120 -----8.746.15 8.4 12-59 0:00785,S 32.600.. 12.31.57 1.06-25-36 24 10.54 13.4 20.05 0.0009
0.140 28.528
_G-25-3 6 1.5 1.724 2.52 8.0 .12.03 0,0014
-b-.-6-2 5.3 50.158G-25-36 1.5 24 0.90 6.9 10.40 0.0016
0.123 32-59G-25-36 6 7.22.0 24 10.80 12.6 18.95 0, 0020
_10.420.143 27.94G-25-36 7 2.0 24 1. 5 2.27 6.9 0.0035
0.136 29.336 2.5 2-4G-25-36 24 3.61 7.3 10.95 0.0054
0.159 25.147 0.7G-25-36 2..5 24 1.03 5.6 8.37 0.0068
r 32-59 7.40G-25-36 11.08 11.9 17.87_ 0.0046_0.123^24
27.15-0.147G-25-36 3.0 24 1.3 1.98 5.8 IT 0.0088
'gam 0.130 30.723.5 3.9G-25-36 24 5.78 8.1 12.18_5 0.0082
25.606 0.1563.5 0.9G-25-36 24 1.31 5. 1 7.71 0.0122
4.0 29.320.136G-25-36 5 2.6 3.8424 6.6 9.95 0.0116
5 4.5 28.240. 14224G-25-36 1. 9 2.86 5.8 8.74 0.0146
5.0 27.375G-2 5-3 6 0.146 1.524 2.28 5.3 7.98 0.0174
6.0 32-584 0.123 7.6G-25-36 2 4 11.39 11.2 16.82 0.0106
6.0 26.065 0.153 1.1G-25-36 24 1.64 4.7 7.07 0.0222
7.04 31 41G-25-36 0. 12724 7.530 8.5 12.76 0.0151
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tlTraw-:4 0.000220.569 13.78.495.732.200. 1241.5 24JG-37-48
14.679. 81.7 2.6028.980. 138 0.00031.5 24G-3 7-48 lc
0.000313.118.71.030. 70.152 26.341.5 2411C-37-485 0.000914_.369.64.292. 930.220.13 22.0 248G-37-48 0.00117.7 11.500. 9 1.42266.360.1492.0 2495 G-37-48 0.00189.1 13.664. 793.230.420.1312.57 24G-37-48 0.00246.9 10.311.441.026.620.1502.5G-37-48 245 0.002217.639.56 11.86.432.290.1243.06 24C-_37- 4 8
0.003810.182. 1 1 6.81.40.145 27.683.0 247G-37--48
0.00457.9 11.914.4 130.006 24 -0.0060G-37-4F _0.133_ 1.22 8.725.80.825-720.1563.53.5 24- 7GG-37-485 9.76 0.00692.69 6.51.828.294.0 0.1416 245L5 G-37-4F
0.0051.16.8110.07 .11.26. 732.344.5 0.124245G-37-48 0.00921.87 8.615.71.226.950.1484.56 24 _0.00755 G-37-48
6.43 12.908.6It. 331.060.1295.0 2455 G-37-48
0.01 157.885.30.925.895.0 0.155246 _1.41 -x.72-G-37-4P
3.65 0.01206.52.429.146.0 0.137245 G-37-48 0.01612.53 8.325.51.727-777.0 0.144245G-37-48 0.01961.95 7.525.01. 326.748.0 0.1502455 G-37-48 0,011216.1410. 74 10.87.23 2.4 39.0 0.12345 G-37-48 -24- 7.001.59 0.02274.71.125.949.0 0.1542455 G-37--48
0.00099.5 14.294.2_32.837.721. 5 0.1338 305 G-3 7- 4 8
1.41 0.00117.6 11.470.933.531.5 0.149309G-37-48
.1-5 0.00273.09 7.7 11.552. 136.252.0 0.138307G-37-48 9.461.00 0.00320. 7 6.331.722.0 0.1583085 G-37-48
4.40 0.00457.9 11.89.37.49 2.92.5 0.1336G-37-48 -30 1.21 0.00608.715.80. 832-1.32.5 0.1567 305 G-37-48
12.73 0.004119.5913.18.541.153.0 0.1223-5C-37-48
2.13 6.0 0.00838.991.43.0 34.290.146305 G-37-48 5.78 0.008212.188.13.93.5 38.400.130305G-37-48
1.31 0.01225.1 7.710.93.5 32.000.1566 305 G-37-48
3.58 9.64 0.01226.42.44.0 36.340.1385 30G-37-48 _0.0i-6-6-'8.34
2.55 5.64.5 1.734.740.1445 30G-37-48
1.96 7.545.01. 35.0 33.460.1495 30G-37-48
7.86 8.7 0,01950.014613.116.0 5. 239.430.1275 4 30G-37-48
1.33 4.4 6.59 0.02570. 96.0 31.540.1595 30G-37-48
5.17 6.8 0.020510.207.0 37.7 1 3.45 0.1334 30G-37-48
it 5.8 0.02558.77Q.0 36.43 2.60._137_30 _3.91G-37-46 _4 3.18 7.91_ 0.02985.39.0 35.43 z-i5 0.14130G-37-48
4.98 9.3 0.001713.881.5 44.54 3.30.131357G-37-48
.1.48 6.9 0.002310.391..5 38.97 1.00.150358G-37-48 4.60 0.004312.1443.96 3. 1 8.12.0 0.133356G-37-48
1.26 0.00588.795.937-682.0 0.80.155357G-37-48 6.It. 9.61 0.005316.3246.99 10.92.5 0.124355G-37-48 -39-16--
^0.0 0 q4-8.541. R 22.5 _3 5_ i7.-2---0.149G-37-48
4.13 0.0109• 5 5.76.9 10.292. 83.0 _ 0.135355G-3'7-48 _0.0163_43.15--l- 2.495 - 5.5 8.26-3.5 40-40 1.70.14435G-37-48 12.81 0.009683.5 18.284.0 12.247.9.30.122354G-37-48
1.74.' 7.22 0.02134.84.0 1.238.340.152355G-37-48
0,014812.984.5 5. 2 8.745-93354 __7.73G-37-48 0._1.27. 1.320. 9 6.5 1-4.5 4.4 0.0259.36.740.15935G-37-48 5.52It 7r 0[. 3. 7 7.1 0,019510.590.13235G- 3 7-4 8
_0.0.276Y5.52. it 3.536.0 8.320.139 44.3341.93354G-37-48 2.63 4.8 7.23 0.03427.0 1.80.145 40-21354G-37-48 2.13 4.4 6.58 0.03978.0 1.40.150 38.934 35G-37-48
It 6.15_4.1 0,04439.0 1.20.154
_1.81G-37-48 i-.,-5--- ---11.5-.35- 9.15 ---0 0.00230.124 6. 137.9353.6340G-37-48
2.05 6.7 10.10 0.00394 5.9 70.145 1.41.5 407G-37-48 _ 12.37 12.8 19.21 0.00420. 122 54.75 8.22.0 405G-37-48 1. If 2.10 6.0 8.94 0.00840.146 45.622.0 406G-37-48 3.91 6.7 10.04 0.01140.136 48.99 2.62.5 405G-37-48
2.120.148 7.77 0.01845.245.15 1.43.0 405G-37-48
-4- 8.57 9.2 13.870.126 0.013553.00 5. 73.5 40G-37-4 8
1.40 6.700.9 0.02480.157 4. 542.403.5 405C-37-48
'.t 5.310.132. 6.9 10.35 0.02013.550.434.0 404G-37-48 0.02603.83 8.675.880.138 48.43 2.64.5 404G-37-48
219
45 5.00-37-4 F, 40 46.830. 142 7.682. 0 3.00 5. 1 0.0312
37-48 4 6.0 40 0.150 4 4.4 3 1.4 4.42. 11 6.55 0.0399
5 4 7.0C-37-48 40 0.156 42.71 4.01. 1 1.66 5.93 0.0470
5 3G-37-48 8.0 40 0.121 5 5. 2 3 9.9 14.84 12.7 18.99 0.01939.05 G- 37-4 8 3 40 0. 124 53.90 9.97.2 10.79 14,84 0.0254
5 6G-37-4 8 1.5 50 56,96 5.91.4 2,080. 146 8.92 0.0085
5 G-37-48 5 2.0 50 0.142 58.75 1.9 2.83 5.8 8.71 0.0147
5 2.5G-37-48 50 0.157 52.99 1.400. 9 4.55 6.70 0.0249
5 3.0G-37-48 50 4.290.136 61.43 2.9 6.1 9.20 0.023854G-37-48 0.144 58.00 2.811.9 5.0 7.453.5 0.032650
5 4 4.0G-37-48 50 0. 150 55.43 2.091.4 4.3 6.52 0.0403
4.5G-37-48 50 53.430.156 1. 1 1.66 4.0 5.94 0.0469
5 3 7.0G-37-48 50 63.620.131 6.104. 1 6.6 9.91 0.0402
3 8.048 505 0. 135 61.90 3. 3 4.88 5.7 8.60 0.0476
5 9.03G-37-43 50 60.57 4.152.8 5.2 7.79 0.0536
5G-37-48 2.0 0.1380.159 62. 7 5 0.95 1.29 6.5260
5 3.5G-37-48 60 63.000.159 1.0 1.50 4.3 5.70 0.02640.0502
5 20 0.131 25.4511G-49-60 4.252. 12.2 18.25 0.0001
95 2.5G-49-60 0.12420 26.88 5.8 8.69 13.9 20.78 0.0002
3.08G-49-60 20 0.123 9.7927.07 6.5 13.7G-49-60 20.62 0.0004
5 7 4.0 20 0.126 26.40 4. 9 7.37 11.1 16.61 0.0012
5.06G-4 9-60 20 27.63 13.869.2 14.80.121 22.15 0.0016
5 6 6.0G-49-60 2 0 0.131 25.52 5.343.6 8.7 13.00 0.0038
5 8.0G-49-60 20 0.121 8. 6 12.8727.45 13.2 19.73 0,0041
5 9.05G- 49-60 20 0.126 26.39 7.885. 3 9.7 14.48 0.0063
11 1.5G-49-60 24 31.94 7.274.8 14.6 21.91 0.00000.1255 1.512G-49-60 0.13724 29.28 2.611.7 11.5 17.25 0..0000
9 2.0G-49-60 24 0.125 31-99 7.825.2 13.2 19.82 0.00025 10 2.0G-49-60 0.13924 2.4528.79 1.6 9.6 14.45 0.0003
11 2.0 24 0.153 0.9826.18 0.7 8.7G-49-60 12.98 0.0003
5 8 2.5G-49-60 0.128 6.0724 31.24 4.0 11.0 16.48 0.0006
9 2.5G-49-60 24 0.144 1.8827.77 1.3 8.2 12.29 0.00085 7 3.0G-49-60 0.12524 8.5432.08 5.7 11.9 17.90 0.0010
8 3.0G-49-60 0.14324 28.07 2.201.5 7.7 11.56 0.00165 7 3G-49-60 0.13624 29.49 3.582.4 8.1 12.18 0.0024
8 3.5C-49-60 0.15524 1.130.8 6.5 9.73 0.002925.805 4.06G-49-60 24 0.124 6.0 9.0232.14 11.4 17.05 0.0024
4.07G-49-60 24 0.145 27.55 2.031.4 6.7 10.07 0.0039___5 4.56G-49-60 0.13224 30.37 4.943.3 8.4 12.54 0.0041
4.57G-49-60 0. 15424 26.04 1.330.9 5.9 8.92 0.00565 5.06G-49-60 0.13824 29-97 3.262.2 7.0 10.50 0.0053
6.05G-49-60 0.124 32.2224 9.616.4 10.9 16.33 0.00535 6.06G-49-60 0.14924 26.85 1.821.2 5.7 8.54 0.00947.05 0.132G-49-60 30-41 5.253.5 11.5924 0.008925.34 7.75 6 7.0G-49-60 0.15824 1.220.8 5.0 7.56 0.01295 8.05G-49-60 0.13824 29.05 3.562.4 6. 4 9.61 0.0123
----8-o52-5 9.05G-49-60 0.14324 2.6827.99 5.7 0.0154
1.59G-49-60 0.12430 40.37 8.865.9 14.0 20-97 0.00025 1.5G-49-60 10 30 0.138 2.681.836.34 9.9 14.79 0.00035 1.5G-49-60 11 30 1.0633.03 0.7 8.8 13.17 0.00030.1515 2.0G-49-60 30 0.133 3.99,37.49 2.7 9.3 1399 0.0009
2.0G-49-60 9 30 0.150 33.33 1.340.9 7.6 11.34 0.0011
_-2..f_ y4.10 i8.65 G-49-60 7 2.5 30 0.134 37.41 12.83 0.0021
G-49-60 8 2.5 30 0.153 32.74 0.8 1.27 6.7 10.00 0.00265 G-49-60 6 3.0 30 0.127 39.42 4.8 10.17.24 15.13 0.0029G-49-60 7 3.0 30 0.148 33.79 6.41.2 1.76 9.64 0.00440.00565 6G-49-60 3.5 30 0.137 36.40 2.3 3.40 10.68
5 4.0G-49-60 30 40.960.122 11.968.0 12.5 18.79 0.0043S5 4.0G-49-60 6 0.146 34.14 5.91.4 2.06 8.89 0.0086G-49-60 4.55 3030 0. 129 38.85 4.3 6.47 8.6 12.94 0.00756 4.5G-49-60 30 0.154 32.37 0.9 5.31.42 7.89 0.0115S 5.0G-49-60 5 30- 0.135 37.16 4.30 7.02.9 10.49 0.0105
6.0G-49-60 5 30 0.144 34.62 1.7 2.48 5. 5 8.26 0.01635 G-49-60 7.04 30 0.122 41.01 8. 3 12.51 12.0 17.98 0.0098S G-49-60 5 7.0 30 0.152 32.81 1.1 1.72 4.8 7.19 0.0215
G-49-60 4 8.0 30 0.127 39.3 1 5.1 7.62 8.6 12.87 0.0150
220
0. 1159 4.45 0.02616.550.9 1.3131.444530G-49-60
10.587.137.9 9 5.523. 79.C 0.132305 0.0195
0.000546.67 12.5 18.745. 4 8.070.1251.5 35G-49-60 85
0.00078.7 12.9941.49 1. 51.5 0.141 2.3295 G-49-60
-35
0.00080.88 7.7 11.550.637.341.5 0.1563 5105 G-49-60
4.70 9.0 13.55 0.001844.28 3. 12.0 0.1323575 G-49-60
0.00241.41 6.8 10.270.92.0 0.151 38.743585 G-49-6C
6.18 0.00339.3 13.950.1292.5 45.32 4. 13565 G-49-60
1.57 6.2 9.34 0.00482.5 1.07 0.150 38.8435G-49-605
Jw 2. 61 9.65 0.00710.142 41-09 1.76G-49-6C 35 6.4.
7.01 9.0 0.00703.5 13.5345-68 4.70.1283555 G-49-60
1 .493.5 0.153 8.02 0.01105.338.07 1.03565 G-49-60
3.994.0 42.96 6.8 0.011210.130.136 2.73555 G-49-60
2.704.5 40.85 5.7 0.01538.530.143 1.85G-49-605 -3-5-
2.005.0 5..1 7.6039.16 0.01921.335 0.l4955 G-4S-60
6.0 45.78 5.0 8.5 12.714I-A G-49-60 7.480.127 -0.-0.152.35
1.29 6.536.0 4.4 0.026336.62 0.90.1593555 G-49-60
3. 1 9.697.0 6.543.51 0.022135 0.13440-4 9-6 0
4.713.46 5.5 8.24 0.02808.0 41.810.140 2.33545 G-49-60
40 .4 9 2.76 4.99.0 7.390..144 1.8354G-49-60
_0._03317. 0, 1.82 14.3 21.41 0.00081.5 54.770.1224075 G-49-60
2.7147.92 8.2 12.29 0,00131.5 1.80.13940G-49-60 8
0.36 7.042.601.5 10.54 0.00150.640 0.15795 G-49-60
8.5553.32 11.02.0 0.125 5.7 16.54 0.0025406G-4 9- 6 0
.T 1.96 6.645.71 9.96 0.00402.0 1.340 0. 1465 G-49-60
2.62 6.446.98 9.672.5 1.7 0.00700.1424065 G-49-60
5.89 8.23.0 0.00811.31 3.9 12.300.130405 5G-49-60
3 ..C 1.33_ 5.242.75 7.740.9 0.01210.156406G-49-605 _0.0135
3.164 7. 6 8 2.11 6.1 9.123.5 0.140405 5G-49-60
2.07 5.14.0 7.6944.96 1.4 0.01880.148405G-49-60
If 9.654.5 6.4 10.053.56 15.00 0.012240 0.1245 G-49-60
4.5 1.50 4.642.65 6.8640 0.156 1.0 0.02375G-49-605
_0.01746.355.0 7.751.45 4.20.130 11.50405 4G-49-60
6.0 3.74 5.72.540 0.138 48.28 8.564 0. 0 2 64G-49-60
7.0 2.66 4.846.01 1.8 7.265 4 40 0.145 0.0340G-49-60
8.0 2.08 4.344.310.150 1.4 6.5140 0.04044G-49-60
9.0 1.721. 1 4.0 6.020.155 42.995 0.04584 40G-49-60
1.5 2.1057.62 1.4 6.8 10.17 0.0038507G-49--60
-0.14.5 --0.00882.0 2.00-56.665 5.91.36 0. 1'+7 8.80G-49-60
3.492.5 60.38 6.40.138 2.3 9.5350 0.01255G-49-60
3.0 1.8555.315 0.15151 1.2 4.9 7.3850 0.02035G-49-6015 6.633.5 64.60 4. 40.12950 7.9 11.80 0.01684G-49-60
4.0 4.1.65 61.2050 0. 136 2.8 6.0 9.064 0.0243G-49-60
4.5 3.0158.560.14250 5.14 2.0 7.69 0.0311G-49-60 0.148
5 56.45 1. 6 2.354 4 .6 6.86506-49-60 0.0371
5.n6.0 1.645 53.2850 0. 156 L4 3.9 5.90G-49-60 0.0474
9.0 6.416.3.990.130 4.350 6.83 10.25 0.0386G-49-60
1.522.5 0.155 64.3860 1.0 4.6G-49-60 6.88 0.0235
4.55 1.580.157 1. 14 63.5660 3.9 5.82 0.0485G-49-60
17.896 3.5 9.9 12. 73 16 26.52G-1-10 22.86 0.01920.1.21
4.06 16.840.121 9.43 26.4116 12.1G- 1-10 21.79 0.0203
16.094.5 0.122 8. 926.323 16 11.7G- 1-10 21.03 0.0211
15.535.0 0.122 8. 626-2516 11.4 20.45C- 1-10 3 0.0211
14.746.0 0. 122 26.153 8.216 10.9C- 1-10 19.65_-3
14.227.0 0.123 26.07 7.9 10.6G- 1-10 16 19.11 0.02270.023416
1.3.858.0 0.12_3 26.02 7.73 16 10.4G-- 1-10 19,72 0.0240I--
13.570.123 25.97 7.5 10.2 18.4416 0.0244(6 7.011.5 0.132 30.38 3.9 6.4 11.56!VG_-1-1 0 3 20 0.0416
: 6.090.1342.0 29.863 3.4 5.9G- 1-1C 20 10.57 0.0462
5.610. 1352.5 29.55 3. 1 5.6 10.043G- 1-10 20
5.320. 1363.0 29.34 5.43.0 9.72G- 1-10 3 20 0.04910.0511
0.137 5.133.5 29.19 9.505.3G- 1-10 3 2.820 0 *0525!I6ti .8
_ 0.138 4.994.0 29.07 5.2 9.353 0.0535G- 1-10 205 0.13 4.8 i_4.5 0.05449.235_.1_-2-1. 99G- 1-10 203
221
0.05509.135. 14.802. 728.920. 1380 2031-106 9.005. 04.682. 6 0.05600.139206. C)3G- 1-10 28.313 0.05688.904.94.592.628.740.1397.0 20G- 1-106
0.05738.834.92. 528.680.139208.03 4.53G- 1-106
0.05778.784.94.482. 528.640.1409.0 2036
7.59 0.06904.23.461.933.050.1451. 5 243G- 1-106 0.07367.204.03.141.70.148 32.53242.03G- 1-106
0,07653.92.960.149 32-21242.53 6.99G- 1-10 0.07846.8.52.85 3.81.61.632.000.1503.0 243G- 1-106 0.07982.771.50.151243 _G- 1-10 3.831 .853.5 6.756.68 0.0809372.711.531.740.1514.0 243G- 1-106 3.7 0.08176.632.6731.65 1.50.1524.53G- 1-106
6.59 0.08243.72.641.531.580.1525.0 24243G- 1-106
0,08346.523.61. 4 2.5931.486.0 0.152243G- 1-106
0.08416.482.55 3.631.41 1.40.1537.0 243G- 1-106
6.453.62.5331-35 1.48.0 0.15324 0.08463G- 1-10 24 6.42 0.08503.62.511.431.319.0 0.153243G- 1-106
0.00909.1 12.8 23.0416.4426.423.0 0. 1214 16G-11-206
0.01389.1 16.4110.065.60.126 25.393.5 1646 G-11-20
0.01396.0 10.8.03.682.028.500. 1401.5 205 0.0139G-11-206 9.7 17.5011.106. 232.020.1252.0 2046 G-11-20
8.164.51.761.025.620.1566 2.0 2 0 0.02415 ` . 127G-1 1-20
0.02206.5 11.665.693.229.860.1342.5 2046 G-11-20
9.58 0.02945.33.902.228.420.1413.06 204G-11-20
4.7 0.03538.504 1. 7 3.0227.390.1463.5 206 G-11-20
7.84 0.04024.42.511.426.620.1504.04 20G-11-20
4.1 7.38 0.04432.181.226.024.5 0.1544 206 G-11-20
3.9 0,04777.061.95I. 125.540.1575.04 20G-11-20
12.4 0.019717.43 22.409. 733.096.0 0.121203G-11-206
13.27 .10.1 0.02497.40.123 32.417.0 203 18.13\,6 G-1 1-2 0
0.02898.811.07 15.856. 13.1.890.1258.0 2036 G-11-2 0
9.72 8.0 0.032114.445. 431-499.0G-11-20 0.12720
8.4 15.12 0.01548.854. 90.128 37.621.54 246 G-11-20
1.54 4.3_ 7.810.90.159 30.101.55 24 0.0264G-11-20
5. 3 9.500p 0.02973.832. 10.141 34.022.04 24G-1 1-206
4.3 7.78 0,04072.471.40.151 31.862.54 24G-11-20
If 3.9 6.93 0.04911.861.030.423.0 0.158246 G-11-20
14.58 0.022910.8 19.488.139.193.5 .1223 24G-11-20
10.73 8.6 0.029615.506.04.0 38.160.1262436 G-11-20
8.70 7.4 0.03514.8 13.374.5 37.360.1283 24G-11-20
7.45 0.03976.7 12.044. 136.725.0 0.1312436 G-1 1-20
5.99 0.04683. 3 5.8 10.466.0 35.760.134243G-11-20
5..18 9.56 0.05215.32.97.0 35.070.1372436 G-11- 20
0.05622. 6 5.0 8.988.0 0.139 34.56243G-11-20 4.66
4.309.0 4.8 8.57 0.059534.160.141 2.42436 G-1 1- 20
2.80 4.6 0.03728.22_0.148 40.62 1.61.5 304G-11-20
16.12 0.02119.0 21 0511.70.1222.0 49.36306 G-11-20
8.33 0.03634. 6 7.2 12.970.1292.5 46.4 8303G-11-20Q 5.85 0.04765.7 10.313.23.0 0.135 44.56306 3G-11-20
4.65 5.0 0.05630.139 2. 6 8.973.5 43.193036 G.11- 20 0.063
3.95 4.5 8.164.0 42-16 2. 20.1426 303G-11-20
.3-49 4.2 7.634.5 0.06860.145 41.36 1.93G-11-20 0.1476 30 4.03.17 7.24 0.07325.0 40.72 1.86 303G-11-20
3.7 6.72 0.08036.0 39.76 2.750.151 1.5303G-1 1-20
3.6 6.39 0.08551.4 2.480.154 39.076 7.0 303G-1 1-20
3.4 6.16 0.08968.0 38.56
_0. 156 1. 3 2.31306 3 5.99
3.3 0.09289. 0 38.160.157 1.26 303G-11-20G-11-20
11.557.49 0.021520.700.122 8.81.5 15.77353G-11-20 -3 6.152.69 11.02 0.04406._510.133 3.62.0 35G-1 1-2 0
4.849.81 8.57 0.05954.300.1412.5 2.4353G-1 1-20
4.1 7.4447.89 0.07086 0.146 1.9 3.333.0 353G-11-20
3.8 6.78 0. 079446.52 1.6 2.793.56 353G- 11-20 0.1.50
6.363.5 0.08616 4.0 4.5.49 1.4 2.460.15435G- 11-20 3
6.05 0.09166 44.69 3.42.224.5 0.157 1.2353G-11-20
6 5.833.2 0.096044.05 2.0E0.159 1.15.0 353G-11-20
0.0 41.36.5 11.6360.8 3 7.070-132 3.9403G-11-20 _1.5
222
6 2.0 40 56.010.143 2. 1 3.86 4.5 8.07 0.064056 G-1 1-20 3 2 40 0.151 53.15 1. 5 2. 7 9 3.8 6.77 0.07956 G-11-2C 3 3.C 40 0. 156 5 1. 2 1.3 2.26 3.4 6.10 0.09073G-11-2C 2.C 506 0. 160 62.6 1.1 2.01 3.2 5.78 0.09726 7G-21-3C 1.5 16 0.121 26.5/ 9. 1 16.4 15.6 28.07 0.0007G-21-3C 6 2.C 16 0.121 26.4 8. 7 15.72 14.2 25.63 0.00176 G-21-3C 5 3.C 16 0. 122 26.2 8.2 14.7` 12.8 22.96 0.0042G-2 1-3 C 6.C 16 0.123 26.0:4 7. 5 13.4 11.1 19.94 0.01086 4G-2 1-3C 7.C 16 0.128 2.5.0 4.9 8.7 8.3 15.03 0.0155_G-21-3C 6 1.5 0.124 32.30 6. 4 11.5320 11.8 21.22 0.00226 1.5G-21-3C 20 0.144 27.611, 1.4 2.54 6.8 12.23 0.00385G-21-30 2.0 20 0.120 33.3: 18.32.10. 2 14.8 26.65 0.00356 6 2.0G-21-30 20 0.144 27.76 1.6 2.8C 6.2 11.13 0.0077G--21-3C 5 2.5 20 0.133 30.05 5.6E3..1 7.3 13.17 0.00986 6 G-21-30 6 2.5 20 0.160 25.04 0.() 1.3 4.9 8.86C-21-30 3.0 20 0.144_5_ 27.83 1. 7 3.12--. 5.6 10.08 0,015832.896 4 3.5G-21-30 0 0.122 0. 6 15.52 12.3 22.10 0.00955 3.5G-21-3 0 20 0.152 26-31 1.2 2.1C 4.8 8.67 0.02126 4 4.0G-21-30 20 0.127 31.43 9.055. 1 8.5 15.38 0.01505 4.0G-21-30 20 0.159 25.1-i 0. 9 1.57 4.4 7.85
_0.02616 4 4.5G-21-30 20 0.132 30.3C 3. 6 6.44 6.9 12.50 0.019946 5.0G-21-3C 4 20 0.136 29.39 2.8 5.01 6.0 10.89 0.024346 6.0G-21-30 20 0.143 21.03 2.0 3.53 5.1 9.14 0.03167.04G-21-3 0 20 0.148 27.05 1.5 2.75 4.6 8.20 0.03746 4 8.0G-21-30 20 0.152 26-32 1. 3 2.34 4.2 7.61 0.04229.0G-21-30 4 0.155 25.76 1. 1 2.05-20- 4.0 7.20 0.04616 6 1.5G-21-30 24 0.143 33.63 1.7 3.01 6.3 11.42 0.00735G-21-30 24-2.-0 0.137 34.92 2.4 4.32 6.4 11.60 0.01226 G-21-30 2. 24 0.121 39.56 8.9 16.03 12.6 22.62 0.00926 5G-21-30 2.5 24 0.152 31.65 1.2 2.13 4.8 8.72 0.0210It6 3.0G-21-30 24 0. 130 36.84 4.0 7.23 7.4 13.37 0.01814 3.5G-21-30 24 0.133 34.89 2.6 4.61 5.8 10.43 0.0259_3.396 4G-21-3C 4.0 24 0. 144 33.43 1.9 5.0 8.96 0.0325G-21-3G 4 4.5 0.14924_ 32.30 1.5 2.69 4.5 8.08 0,03836 4 5.0G-21-30 24 . 1530 31.39 1.3 2.25 4.2 7.48 0.0433-4 6.0G-21-3 0 0.16024 30.03 1.0 1.73 3.7 6.736 7.03G-21-30 24 0.124 38.74 7.0 12.68 9.7 17.52 0,05160.0258G-21-30 3 24_ 0.127-8.0- 37.77 5.4 9.66 8.0 14.38 0.03236 9.03G-21-30 24 0.130 37.01 4.4 7. 98 7.0 12.61 GO-3-76-6 G-21-30 5 1.5 30 0.140 42.76 2_.0 3.69 6.0 10.82 0.0138 _6 G-21-30 4 2.0 30 0.129 46.64 4.5 8.17 8.0 14.39 0.0164G-21-30 4 2.5 30 0.141 42.56 2. 1 3.85 5.3 9.53 0.02966 4 3.0G-21-30 30 0.151 39.84 1.4 2.48 4.3 7.79 0.0406
,A- 4G-21-30 30 0.153 37.893. 5_ 1.0 3.81.83 0.04986 G-21-30 3 4.0 30 0.124 48.57 7. 3 13.16 10.0 6.8818.01 0.02506 G-21-30 4.53_ 30 47.06 5. 2 9.37
























0.030415.1.71106 G2 I- C 2 .5 0. 126 10.41 8.463.It 1 . 3
0.0459.5..90.134 59.78 3.4 6.14 10.623 3.0 40G-21-30
57.19 0.05826 4.43 4.8 8.723 3.5 40 0.140 2. 5G-21-30
7.673 4.0 40 5 5.24 0.06816 0.145 3.53 4.3G-21-30 2. 0
/1.5 406 3 0.149 53.73 3.9 7.00 0.0763G-21-30 1.7 2.97
6 5.0 4 0 52.52 3.6 6.543 0.152 0.08316-21-30 1.4 2.60
406.0 50.706 3 0.158 3.3 5.94G-21-30 1.2 2.14 0.0938
4 1.5 506 63.45 1.88 3.9 6.95
_G-_21-3 0 0.158 1.0 0.0489
6 3.5 50G-21-30 3 63.35 6.060.157 2.23 3.41.2 0.0915
9 1.5G-31-40 16 0.121 7.8 14.08 16.1_ 0.000126.35 28.90
6 3.06 13.62G-31-40 0.122 7.616 26-17 13.0 23.43 0.0019
4. 55 .16 7.4 13.240.123 26.06 11.9 21.38 0.0047G-31-40
9.046 G-31-4 0 0. L2416 25.90 12.627.0 10.6 19.09 0.0114
8 1.56 0.131 30.64 3.3G-31-40 20 5.92 10.1 18.18 0.0007_6 9 1.5G-31-40 0.147 27.24 1.1 1.92 7.920 14.18 0.0010
7 2.0G-31-40 20 2.3 4.0529.30 7.9 14.31 0.002.5`6 _`_ 0.137
2.06 0.156 1.29 6.4G-31-40 25.63 0.7 11.55 0.0030
2.5 0.133 30.176 3. 1 5.57G-31-4 0 20 8.1 14.62 0.0043
76 2.5 1.52 5.920 0.155 25.86G-31-40 0.8 10.57 0.0058
5 3.0 0.12120 33.00 8.8 .15.85G-31-40 13.4 0.0040--------------..-...---206 6 3.0 6.00.145 27.50G-31-40 1.4 2.61 24.1010.86 0.0082
3.55 0.1306 30.71 3. 8 6.9120 8.1G-31-40 14.59 0.0083
6 3.5 5.16 0.156 25.59 1.5720 0.9 9.24G-31-40 0.0122
4.05 0.138 28.99 4.21_6 20 6.4G-31-40 2.3 11.46 0.0124
5 4.56 0.145 17.6620 5.5G-31-40 1.6 2.95 9.87 0.0164
4 5.0 0.120 33.24 LO-1 18.10_6 G-31-40 20 13.7 24.75 0.0083
5.056 26.590.150 1.2G-31-40 20 2.25 4.9 8.90 0.0202
6.04 0_._128_ 31.24 4.7 8.54G-31-40--6 14.78 0,015820_
6 4 7.0 0.134 5.61G-31-40 20 29.80 3. 1 8.26.4 11.57 0.0222
4 8.0 0.139 4.22G-31-40 20 28.73 2. 3 5.56 9.97 0,0277
1. C)9.06 4 0. 1436-31-40 27.90 3.42.20 5.0 9.00 0.0323
2, 97 0.1336 1.5 24 36.16 5.25 8.8G-31-40 15.79- 0.002086 0.152G-31-40 1.5 24 31.64 6.70,9 1.60 12.15 0.0025
6 0.1356-31-40 2.0 35-51 4.682.6 7.524
_13.56 _0.0050
6 7 0.158 30.44G-31-40 2.0 0.724 1.32 5.7 10.20 0.0065
5 0.127G-31-40 2.5 37.81 5.024 8.93 9.3 16.81 0.0066
6 6G-31-40 2.5 0.152 31.5124 1.0 1.87 5.4 9.74 0.0107
5 3.0 .34.60G-31-40 0_._139 2. 2 4.03214- 6.2 11-24 0.0129
6 5 3.5 0.149 32.31G-31-40 24 1.4 2.45 5.1 9.18 0.0189
4 4.0 0.126G-31-40 38.24 9.424 5.9 10. 5 3 16.90 0.0133
6 5 4.0 30.59G-31-40 0.15724 0.9 1.71 4.5 8.08 0.0246
4 4.5G-31-4 C 36.570.131 3. 824 6.79 7.2 12.88 0.0191
6 4 5.0G-31-40 0.136 35.24 2. 824 4.98 6.0 10.85 0.0244
4 6.0 33-24G-31-40 24 3.261.8 4.9 8.806_ 0.0335
6 4 7.0G- 31-40 31.300.1440.15124 1.4 2.44 4.3 7.74 0.04104 8.0 24 0.156 30.73 1.98 3.9 7.10 0.0472
_1._1 -18.436 9.0G-31-110G-31-40 3 0.12024 39.86 10. 2 13.0 23.42 0.0187
1.56G-31-40 30 0.136 44.19 2.5 4.51 7.4 13.34 0.0052
6 1.57G-31-40 30 0.158 37.38 0. 7 1.28 5.6 10.12 0.0066
2.05G-31-40 30 0.133 45.02 3. 1 5.60 13.10 0.00996_
-6-.-7- ~7.3 -884-6 2.0G-31-40 30 0.160 37.5 1 1 3 4,- 4.9 0.0137
2.55G-31-40 30 0.149 40.21 1.3 2.37 5.0 9:07 0.01940.130 0.01756 3.04G-31-40 30 46.2-5 7.544.2 7.6 3.71
6 4G-31-40 3.5 30 43.39 4: 442. 5 5.7 10.22 0.0266
6 4.04 3.10G-31-40 0.145 41.24 1.730 4.8 8.60 0.0347
_4_.54 30 0.152 1. 339.57 2.38 4.3 7.65 0.0418G-31-40
-0.04806 G-31-40 4 5.0 30 1.930.157 38.24 1. 1 3.9 7.03
6.03G-31-40 30 0.124 12.354 8 .3 1 6.9 9.5 17.18 0.0264
6 7.0G-31-40 3 30 46.41 4.60.129 8.21 7.1 12.85 0.0368
3 8.0 30G-31-40 0.133 6.2944.97 3.5 6.0 10.79 0.0451
6 9.0G-31-4 0 3 30 0.137 43.86 5.202.9 5.3 9.5.8 0.0519
35G-31-40 5 1.5 0.127 55.03 4.9 8.75 9.2 16.61 0.0067
6 6G-31-40 1.5 35 0.153 45.86 1.0 1.84 5.4 9.70 0.0108
b 5 35 0.149G-31-40 2.0 47.02 1.3 2.41 5.1 9.13 0.0192
6 4G-31-40 35 0.1332.5 52,76 3.4 6.17 6.8 12.20 0.0206
6 6-31-40 4 3.0 35 0. 144 48.75 8.963.9 5.0 0.0325
224
G-31-40 46 35 45.890.153 1.3 7.532.29 4. 2 0.0428
6 4.0G-31-40 35 58.320. 120 19. 3810.8 13.5 0.017924.38G-31-40 3 4 35 56.100.125 9.26. 5 11.71 16.52 0.0276
6 G-31-40 3 5.0 3 5 0.129 54.32 4. 7 8.46 7.3 13.12 0.0359
6 G-31-40 6.03 35 0. 136 51.65 5.63. 1 5.57 9.99 0.0494
6 3G-31-40 7.0 35 0.141 49.74 4.252.4 4.7 8,52 0,0599
6 G-31-4 0 8. 03 35 0.145 43.31 3.522.0 4.3 7.66 0.0683
9.0 35G-31-40 3 0. 148 47.20 3.041.7 3.9 7.096 0.0751G-31-406 5 1.5 40 0.140 57.03 3.692. 1 6.0 10.82 0.0138
6 G-31-40 4 2.0 40 0.131 61.27 3.9 7.3 13.23 0.01847.1.0
4G-31-40 2 40 55.260.145 3.201.3 4.8 8.73 0.0339
6 4G-31-40 3.0 40 0.156 51.25 1.1 1.99 4.0 7.11 0.0471
6 G-31-40 3 3.5 40 0.124 6 4 .5 2 7.0 12.58 9.7 17.42 0.0260
6 G-31-40 4 C3 40 0.130 61.66 4.4 7.95 7.0 0.037712 .5 84.5G-31-40 3 40 0.135 59.43 3. 3 5.87 5.7 10.32 0.0475
5 .06 3G-31-40 40 57.6 5 2. 6 4.69 5.0 0.05590.139 0.0695G-31-40 403 0. 146 54.98 1.9 3.42 4.2 9.017.55
6 6.07.0G-31-40 3 40 0.151 53.07 1.5 2.77 3.7 6.75 0.0799
6 G-31-40 8. 03 40 51.640. 1 55 1. 3 2.36 3.5 6.24 0.0882
9.06 G-31-40 3 40 0.158 50.53 1. 2 2.10 3.3 5.89 0.0949
6 5.0G-31-40 3 50 64.320. 155 1. 3 2.32 3.4 6.18 0.0893
1.5G-41-50 11 16 0.1226 26.23 7.0 12.59 17.0 30.62 010000
96 2.0G-41-50 16 26.180.122 7. 1 12.74 15.3 27.47 0.0001
G-41- 5 0 8 2.56 16 0.126 25.48 5. 1 9.12 12.1 21.86 0.0005
6 7 3.0G-41-50 16 0.123 26.10 7. 1 12.78 13.4 24.20 0.0008
6G-41-50 4.0 0.123 26.04 7. 1 12.726 12.516 22.49 0.00206 6.05G-41-50 16 0.123 25.95 7.0 12.57 11.5 20.68 0,0049
G-41-50 9 1.5 0.12120 32.94 7.86 16.1 28.94 0.000114.12
6 10G-41-50 1.5 0.13520 29.65 3.902.2 10.4 18.72 0.0002
11G-41-50 1.5 0.14820 26.95 0.8 1.52 9.1 16.34 0.0002
6 G-41-50 8 2.0 0.13120 30.45 3. 1 5.5.5 9.8 17.73 0.0008
G-41-50 2.0 0.148 27.06 1.0 1.82 7.8 14.00 0.001020 0.001976 G-41-50 2.5 20 0. 132 30.26 3.0 5.46 8.9 16.05 0.0019
8G-41-50 2.5 0.15120 26.48 0.9 1.65 6.8 12.25 0.00256 6G-41-50 3.0 0.12620 31.78 5.3 9.47 10.6 19.01 0.0027
7G-41-50 3.0 0.14720 27.24 1.2 2.24 6.5 11.77 0.0042
6 6G-41-50 3.5 0.13720 29.26 2.4 4.25 7.2 13.03 0.0055
7G-41- 50 3.5 0.15920 25.08 0.7 1.22 5.6 10.00 0.0069
6 5G-41-50 4.0 0.12220 32.84 8.2 14.81 12.8 23.02 0.0042
6G-41-50 4.0 20 0. 146 27.37 1.4 2.52 6.0 10.73 0,0084
6 5 4.5G-41-50 20 0.129 31.08 4. 3 7.77 8.6 15.54 0.0075
6G-41-50 4.5 0.15420 25.90 0.9 1.70 5.3 9.47 0.0115
6 5 5.0G-41-50 20 0.135 29.67 2. 8 5.08 6.9 12.50 0.0107
5 6.0G-41-50 20 27.550.145 1. 6 2.87 5.4 9.76 0.01680.01076 7.04G-41-50 20 32.550.123 7.5 13.54 11.1 20.06
6 7.0G-41-50 0.154 26.04 1.1 1.96 4.75 8.4720 0.02238.04G-41-50 0.12820 31.14 4.6 8.28 8. 1 14.50 0.01629.06 G-41-50 4 20 0.133 30.04 3. 3 5.98 6.7 11.99 0.02116 1.5G-41-50 8 24 0.126 38.06 4.8 8.67 11.9 21.36 0,0005b 1.5G-41-50 24 0.142 33.83 1.4 2.57 8.5 15.26 0.00076 1.5G-41-50 10 24 0.158 30.45 0.98 7.6 13.67 0.00086 2.0G-41-50 7 24 0.134 35.94 2.7 4.95 8.6 15.43 0.002131.45 00.0266 2.0G-41-50 8 24 0.153 0.8 1.53 6.7 12.016 G-41-50 2.56 24 0.131 36.64 6.233.5 8.6 15.39 0.00396 G-41-50 7 2.5 24 0.153 31.41 1.660.9 6.0 10.82 0.00546 G-41-50 5 3.0 24 0.121 39.74 9.3 16.66 13.9 24.94 0.00380.00806 6 3.0G-41-50 24 0.145 33.11 2.671.5 6.1 10.95
3.5G-41-50 5 24 6.6636.716 3.7 8.00. 13.1 14.31 0.0085
.6 6 3.5G-41- 50 24 0.157 1.5330.59 0.8 5. 1 9.17 0.01256 4.0G-41-50 5 24 3.890.139 34.44 2.2 6.1 11.06 0.01336 9G-41-50 4.5 24 0.14-7 32.68 2.651.5 5.3 9.46 0.01796 5.0G-41-50 4 0.12324 39.09 13.657.6 11.2 20.16 0.010 66 G-41-50 5 5.0 24 0.153 31.27 1.971.1 4.7 8.48 0.02226 4G-41-50 6.0 0.13224 36.44 6.573.7 7.0 12.65 0.01966 4G-41-50 7.0 24 0.139 34.55 4.292.4 5.6 10.05 0.0273
.6 G-41-50 4 8.0 0.14524 3.191.833.14 4.8 8.71 0.0340
225
L46 C-41-5C Zit 0.15( 32.04 1.11 2.56 4.4 7.90 0.0397
6 G-41-5C 7 1 30
_0. 133, 45-..21 2.c 8.8 15.80 0.002096 G-41-5C 1 30 0.152_ 39.56 0. 5.251.60 6.8 12.15 0.0025
6 G-41-50 6 30 0. L37 43.93 2.4 4.28 7.3 13.0 0.00546 G-41-50 7 30 0.159 37.65 0. 1.23 5.6 10.01 0000696 G-41-50 5 302 0.129 46.37 4. 1 7.35 8.4 15.08 0.00780.96 6G-41-5C 2. 30 0.155 38.64 1.64 5.2 9.36 0.0118G-41-50 5 3.0 30_b 0.142 42_..13 1.8 3.30 5.7 10.33 0.01.513`6 G-41-50 4 30 0.123 48.89 7. 6 13.75 11.3 20.27 0.0105
.J.rG-41-50 5 30b 3 9. 1 1 1. 1 1.97 4.7-0.153 8.49 0.0222_/6 46-41-50 30 0. 130 46.06 7.25 7.4 13.39 0.0181Lt.wC4G-41-5C_b 0.137 43.85 4.812.7 5.9 10.66 0.02506 G-41-50 4 a.C 30 0.143 42 .0 9 2.0 3.56 5.1 9.17 0.0314G-41-50 4b 30 0.152 39.44 1. 3 2.33 4.2 7.59 0.04246 4 7.G-41-50 30 0.160 37.55 1.0 1.73 3.7 6.74 0.05158.CG-41-50 3 30b 49.18 6.7 11.98 9.30--..1-25 16.80 0.02716 7wG-41-50 3 30 0.128 46.71 4.8 8.73 7.4 13.40 0.03501 G6 6G-41-50 35 _. 0. 129 54..4 1 7.474. 1 9.3 16.80 0.00336 7 1G-41-5C 35 0.150 46.64 1. 1 1.90 6.2 11.22 0.00482.0_b 5 35_G-41-5C 54.72 4. 6 8.240.128 8.9 16.06 0.00716 G-41-50 2.C6 35 0.154 45.60 1.0 1.77 5.3 9.59 0.01112.5G-41-50 5 35 0.145 48.37 1.6 2.94 5.5 9.85 0.01656 4G-41-50 3.C 35 0. 127 59.17 5.2 9.37 8.7 15.68 0.0146G-41-50 3.C5 35 0.159 44.13 0.9 1.59 4.4 7.90 0.02586 3.5G-41-50 4 35 0.136 51.39 2. 8 4.98 6.0 10.85 0.02444 4C.4.5G-41-50 35 0.144 48.:16 1. 8 3.30 4.9 8.85 0,03326 4G-41-50 35 0.151 46.35 1.4 2.43 4.3 7.73 0.04115.CG-41-5C 4 35 0.157 44.59 1.1 1.92 3.9 7.02 0,04816 G-41-50 3 35 0.125 55.92 6. 3 11.3-2 9.0 16.11 0.02846.7.0G-41-50 3 35 0.131 53.41 4.0 7.28 6.6 11.86 0.04046 8.03G-41-5C 35 0.136 51.52 3.0 5.46 5.5 9.88 0.0501%,CG-41-50 3 35 0.140 50.05 2.5 4.44 4.8 8.73 0.05826 1.5G-41-5C 40 0.143 56.08 1.7 3.02 6.3
G-41-50 2.05 40 0.141 56.72 2.0 5.9 10.636 4 2.5G-41-50 40 0.127 62.96 5.1 3.549.23 8.6 15.53 0,01430.0148G-41-50 2.55 40 0.159 50.37 0.9 1.58 4.4 7.88 0.02606 3.CG-41- 5 C 4 40 57.670.139 2.4 4.33 5.6 10.10 0.02713.5G-41-50 4 40 0.146 53.89 1.5 2.71 4.5 8.10 0.03816 4.0G-41-5C 4 40 0.157 51.06 1. 1 1.94 3.9 7.05 0.0478G-41-50 5.03 40 62.780.127 5.2 9.42 7.8 14.13 0.03296 G-41-50 6.03 40 59.260.135 3. 2 5.73 10.18 0.0483G-41-50 7.03 40 56.740.141 2.3 4.20 4.7 8.46 0.06046 G-41-50 8.03 40 0. 146 54.85 1.9 3.37 4.2 7.49 0.07029.0G-41-50 40 0.150 53.38
_3 1.6 2.86 3.8 6.86 0,07826 G-41-50 3.04 50 0.160 62 1.0 1.75 3.8 6.76 0.05127.0G-41-50 3 50 0.158 63-41 1.2 3.3 5.95 0. 09376 G-5.1-60 2.5 16 0.123 26.07 6.? 12-03 14.8 26.69 0.00023.0G-5 1-60 8 16 0.123 26.04 6. 7 12.12 14.0 25.15 0.000411.06 G-51-60 7 16 0.128 25.07 4. 3 7.81 10.4 18.77 0.00145.0G5160 6 16 0.123 2 5 .96 6.8 12.23 .12.2 21.96 0.00216 7.0G-51-60 16 0.120 26.64 10. 1 18 23 14.8 26.55 0.0035G-51-60 8.05 16 0.127 25.23 5.0 9.05 9.4 16.93 0.00656 G-51-60 1.5. 1T 20 0.127 31.62 4. 3 13.9_ 25.05 0.0000G-51-60 1.5.2 20 0.138 28.98 1.6 2.83 11.2 20.22 0.00016 G-51-60 9 2.0 20 0.126 31.34 4.1 7.31 11.9 21.41 0.0003G-51-60 2.0.0 20 0.1-42- 28.21 1.4 9.2 16.54--2.43-
__0.00036 G-51-60 2.0 20 0.156 25.64 0.980.5 8.4- 15.6-4- 0.0004G-51-60 2.58 20 0.132 30.33 5.343.0_ 9.7_ 0.00086 9G-51-60 2.5 0.148 26.96 1.761.0 7.7 17.4713.89 0.00103.0G-- 51-6 0 7 20 0.129 30.91 3. 7 6.74 9.8 17.56 0.00166 G-51-60 3.08 20 0.148 27.04 1.1 1.95 7.1 12.77 0.0021G- 51- 6 0 6 3.5 0. 121 32.93 8.3 14.962-0-- 13.8 24.846 G-51-60 7 3.5 20 0.142 28.22 1.6 2.96 7.1 12.84 0,00170.0033i6 G-51-60 6 4.0 20 0.131 30.58_7 3.5 6.32 8.6 15.50 0.00396 G-51-60 4.0 20 0.153 26.2 1 0.9 1.68 6.0 10.85 0.0053G-51-60 6 4.5 20 0.139 ?8.75-- 3.68
__6.8_ 0.0062__1.2_.31
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6 G-51-60 0 20 0.122 32.75 7.9 14.23 12.5 22.42 0.00446 G-51-6C 1.46 5.0 20 0.147 27.29 5.9 10.65 0.0.0862.466 G-51-6C 5 6.0 20 0.133 30.12 3.2 5.78 7.4 13.31 0.00966 6G-51-60 6. 0 2 0 0.159 25.10 0.8 1.37 4.9 8.91
_0.0.1356 G-51-60 5 7.0 20 0.142 28.24 1.C) 3.44 5.8 10.50 0.01466 G-51-60 5 8.0 20 0.149 26.83 I.3 2.39 5.1 9.10 0.01936 G-51-60 4 9.0 20 0.124 32.17 6. 5 11.73 10.1 18.17 0.0121b G-51-60 5 9.0 20 0.155 25.74 1.0 1.82 4.6 8.25 0.02366 G-51-60 9 24 0.121 39.53 7.9 14.14 16.1 28.96 0.0001. 6 G-51-60 24 0. 135 35.5810 11 2.2 3.90 10.4 18.73 0.0002_ 16.346 G-51-60 1.5 24 0. 148 32.35 0.8 `1. 5 2 9.1 0.-0002G-51-60 8 2.0 24 0.132 36.26 2.9 5.14 9.6 17-23 0.00096 9G-51-60 2.0 24 0.149 32.2 3 C.9 1.71 7. 7 13.79 0.0011G-51-6C 7 2.5 24 0.134 35.8 1 2. 7 4.78 8.5 15.22 0.00216 G-51-60 2.58 24 0.153 3.1.33 1.48 6.6 11.93 0.0027G-51-60 6 3.0 24 0.128 37.39 0.4.2 7.63 9.4 16.98 0.00336 G-51-60 3.07 24 0.150 32-05 1. 1 1.93 6.3 11-27 0.0048G--51-60 6 3.5 24 0.140 34.26 1.9 3.48 6.7 12.04 0.00656 4.0G-51-60 5 24 0.125 38.29 5. 7 10.29 10.2 18.27 0.00584.0G-51-60 6 24 0.150 31.91 1.1 2.04 5.6 10.02 0.01000.00976 G-51-60 4.55 24 0.133 36.10 3. 2 5.72 7.4 13-25
4.5G-51-60 6 24 0.160 30.09 0. 8 1.36 4.9 8.89 0.01366 5.0G-51-60 5 24 0.140 34.35 2. 1 3.81 6.1 10.96 0.0135C-51-60 6.04 24 0.121 39.65 9.2 16.58 12.9 23.19 0.00896 G-51-60 6.05 24 0.151 31.72 1.2 2.16 4.9 8.77 0.02087.0G-51-60 4 24 0.129 37..30 4.5 8.15 8.0 14-37 0.0165It6 0.0G-51-60 24 0.135 35.54 3.0 5.33 6.3 11.26 0.02319.0G-51-60 4 24 0.140 34.17 2.2 3.96 5.4 9.65 0.02906 G-51-60 1.5 30 0.131 45.98 3. 3 5.94 10.1 18.20 0.0007G-51-60 1.59 30 0.147 40.87 1. 1 1.92 7.9 14.18 0.00106 G-51-60 2.07 30 0.139 43.15 1.9 3.47 7.5 13.54 0.0029G-51-6C 2.08 30 0.159 37.76 0.6 1.13 6.2 11.20 0.00340.00566 G-51-60 2.5 30 0.137 43.77 ?. 3 4.16 7.2 12.91G-51-60 7 2.5 30 0.160 37.52 0.7 1.20 5.5 9.95 0.00706 3.0G-51-60 30 0.127 47.27 5.0 8.95 9.4 16.83 0.00663.0G-51-60 6b 30 0.152 39.39 1.0 1.87 5.4 9.75 0.01076 G-51-60 3.55 30 0.138 43.51 2. 3 4.22 6.4 11.47 0.0124
,6 4.0-G-51-60 5 30 0.147 40.69 1.4 2.58 5.2 9.36 0,0182
-6---61-24--6 4.5G-51-60 4 30 0.125 48.13 6. 3 11.37 9.9 17.784.5G-51-60 5 30 0.156 38.50 1.0 1.73 4.6 8.20 0.02386 5.0G-51-60 4 30 45.94 1.90.131 7.08 7.3 13.21 0.01856.0G-51-60 4 30 0.141 42.65 2.2 3.91 5.3 9.60 0.02936 7.04C-51-60 30 40.300.149 1.. 5 2.67 4.5 8.04 0.0386It 8.0 30 0.1566-- 38.54 1. 1 2.02 4.0
_0.04659.0G-51-60G-51-60 30 0.121 49.57 9.5 17.08 12.2 7.1622.04 0.02006 G-51-60 7 1.5_ 35 0.130 5.3.97 3.7 6.59 9.7 17.39 0.0016
-12.71 ---6-0-022-6 1.5G-51-60' 35 0.148 47.23 1..1 1.92 7.1G-51-60 2.06 35 0.135 52.01 2.7 4.36 7.7 13.78 0:00496 G-51-60 2.07 35 0.157 44.58 0. 8 1.36 5.7 10.28 0.00636 G-51-60 2.55 35 0.128l -51-60 54.5 3 4.4 7.96 8.7 15.75 0._0073
-5,32.56 35 0.154 45.44 1.0 1.73 9.52 0.0113G-51-60 3.05 35 0.142 49.2 74 1.9 3.36--35-- 5.8 10.40 0.01496 3.5 0.. 123 56.89 7.4 13.31 11.0 19.81 0.01096 G-51-60G-51-60 3.55 35 0.154 45.51 1.1 1.94 4.7 8.44 0.02256 4.. 0G-51-60 4 35 0.131 53.37 3. 8 6.82 7.2 12.92 0.0190G-51-60 4.54 35 0.138 50.63 2.5 4.44 5.7 10.23 0.0266
-8.78It6 G-51-60 5.0 'i8.44-35 0.145 3.24_1.8 4.9
-0. 0 3 3 6G-51-60 6.04 35 .7.230.155 45.15 2.071.2 4.0 0,04586 G-51-60 7.03 35 0.123 57.07 14-.S4-8.0 10.7 19.23 0.02336 G-51-60 8.03 35 0.128 54.72 5.0 9. 07 7.6 13.77 0.0339
.6 G-51-60 9.03 35 0.132 52.90 6.723. 7 6.3 11-25 0.0429G-51-60 1.56 40 0. 124 64-63 11.606.4 11.8 21.30 0,0022'6
_0._0037G-51-60 7 1.5 40 0.144 55.40 2.551.4 6.8 12.24G-51-60 5 2.0 0.12440 64.42 6.4 11.47 10.8 19.53 0.00536 G-51-60 6 2.0 0.14940 53.68 2.181.2 5.7 10,23 0.00956 G-51-60 5 2.5 0..14240 56.53 --3 4 6- -- 5--81.9 10.52
_0.0145
227
6 G-51-60 4 3.0 40 D.125 64.09 6.2 11.19 9.8 17.60 0.0126
6 G-51-60 5 3.0 40 0.156 51.27 1.0 1.77 4.5 8.18 0.02406 G-51-60 4 3.5 40 0.135 59.39 3.0 5.44 6.3 11.38 0.0228
6 G-51-60 4 4.0 40 0.143 55.87 1.9 3.45 5.0 9.04 0.0321
6 G-51-60 4 4.5 40 1.151 53.13 1.4 2.48 4.3 7.79 0.0405
6 G-51-60 4 5.0 40 0.157 50.74 1.1 1.92 3.9 7.01 0.0299
6 G-51-60 3 6.0 40 0.126 63.54 5.9 10.62 8.5 15.39 0.0299
6 G-51-60 3 7.0 40 0.132 60.41 3.7 6.67 6.2 11.20 0.0431
6 G-51-60 3 8.0 40 0.138 58.06 2.7 4.93 5.2 9.28 0.0540
6 G-51-60 3 9.0 40 0.142 56.23 2.2 3.96 4.5 8.18 0.0630
6 G-51-60 4 3.5 50 0.155 64.39 1.1 2.05 4.0 7.20 0.0461
6 G-51-60 3 8.0 50 0.155 64.72 1.3 2.40 3.5 6.28 0.0874
6 G-51-60 3 9.0 50 0.159 52.90 1.1 2.05 3.2 5.82 0.0962
228SELECTION OF THE LIFT VIX BASED ONSECTION (2) (A) NINIMUM NUMBEROF LIFTS
(6) INIMUN CAPACITY OF LIFTS
(C) MIMIMUM SPEED OF LIFTS
AVERAGEAVERAGE AVERAGE
PROBABILITYTIME SPENTNUMBERWAITINGAVFRAGUEJEINTERVALHANDLINGSPEED CAPACITYLIFT NO. OFF LCOR
POI N SYSTEMIN SYSTEML L VrTI TI MEM/S CAPACITY IN SEC.IN PERSONSLEFTSSERVEDBANK
0.00088.564.72 14.37.927.389.0 0. 122507G- 1-30
0.00178.558. 7 5.24 14.249.560.1219.0 906G-31-60
7.96 .13.4 12.088.828.880.12135 0.00392.55G- 1-20
0.008612.009.7 8.69 13.358.010.121704 7.0G-21-40
0.004610.7511.97. 4 6.6840.7110.1239.05G-41-60 50
15.96 0.00869.6 13.311.5426.5 10.1219.0C- 1-15 24
0.024212.3910.39.147.664.990-.123603 7.0G-16-30
4.65 0,04853.91.261.159.320.157704 6.0G-31-45
4.62 0.04913.91.0 1.2459.140.158704 9.0G-46-60
0.0182L0.6 20.0415.88 13.433.290.120245.03G- 1-125
0.04516.0 8.993. 5 5.2443.720.1339.0 353G-13-24
9.48 0.04246.35.6950.48 3.80. 1329.0 403G-25-36
7.79 0.05365.24.1560.57 2.80.138509.03G-37-48
10.25 0.03866.41 6.84.363.990.1309.0 503.5 G-49-60
0.024418.447.5 10.213.570.123 25.979.0 163G- 1-10
5.99 0.09283.31.21 2.1838.16370.1579.0 303G-11-2 0
4.4 0.03767.98 7.0 12.61t) 10.1309.0 242)G-21-30
9.585.20 5.3 0.05192.90.137 43.869.0 303G-31-40
4.44 8.734.8 0.05822.550-050.1409.0 353G-41-50
1.7 6.3 0.04296.72 11.2552.900.1329.0 353G-51-606
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1香 港 多 層 商 業 大 廈
升 降 機 組 合 之 模 擬 研 究
升 降 機 是 利 用 活 動 的 轎 身 、 平 台 、 運 輸 帶 等 器 械 用 以
運 送 乘 客 或 貨 物 的 垂 直 運 輸 設 備 。
現 代 升 降 機 的 構 造 ， 始 自 一 八 五 ○ 年 。 當 時 一 個 利 用
蒸 汽 機 來 推 動 的 平 台 ， 在 英 、 美 己 先 後 用 來 運 貨 。 七 年 以
後 ， 曳 引 、 升 降 、 保 安 、 控 制 等 系 統 部 隨 著 電 機 和 機 械 工
程 的 進 步 ， 有 了 不 斷 的 改 進 ， 使 速 度 方 面 由 最 初 的 每 分 鐘
四 十 呎 到 今 日 的 每 分 鐘 二 千 呎 ； 載 客 量 由 五 人 到 百 人 ； 載
2重 量 由 數 十 磅 到 逾 萬 噸 以 上 。 而 在 應 用 方 面 ， 則 由 運 送 文
件 、 貨 物 、 到 貨 櫃 、 病 者 、 以 至 飛 機 、 火 箭 。
由 於 本 港 市 內 地 價 不 斷 上 揚 ， 建 築 工 藝 、 結 構 技 術 、
以 及 建 造 方 法 之 不 斷 進 步 ， 加 上 工 商 業 之 發 達 ， 使 高 樓 大
廈 ， 如 雨 後 春 筍 湧 現 。 以 至 垂 直 面 間 之 運 輸 工 具 ， 需 求 愈
殷 。 地 產 界 人 士 、 建 築 師 、 工 程 師 等 為 提 供 完 善 的 垂 直 運
輸 系 統 ， 莫 不 極 力 研 究 如 何 在 最 小 空 間 內 ， 以 最 低 廉 的 成
本 ， 可 設 計 出 升 降 機 的 組 合 ( 如 速 度 、 載 量 、 數 量 及 分 區 )
能 對 乘 客 提 供 高 品 質 的 服 務 ， 使 人 龍 之 長 短 、 升 降 機 班
次 之 頻 密 、 及 乘 客 平 均 候 機 時 間 均 能 獲 得 充 分 的 兼 顧 。
3近 代 電 算 機 之 發 明 及 運 籌 學 之 發 展 ， 使 升 降 機 各 組 合
之 選 擇 ， 在 極 短 時 間 內 ， 得 以 根 據 行 列 和 模 擬 技 巧 ， 求 出
一 個 最 適 合 的 答 案 。
香 港 政 府 對 升 降 機 的 組 合 ， 除 了 在 公 眾 安 全 方 面 ， 有
明 文 規 定 外 ， 在 其 他 方 面 ， 在 自 由 經 濟 貿 易 的 原 則 下 ， 並
無 限 制 。 這 使 得 本 港 的 升 降 機 行 業 ， 在 世 界 性 的 最 高 度 競
爭 下 ， 達 到 極 先 進 的 水 平 。 但 由 於 所 有 升 降 機 設 備 全 由 外
地 輸 入 ， 因 此 各 升 降 機 系 統 內 各 組 合 之 搭 配 ， 對 本 港 升 降
機 行 業 來 說 ， 是 十 分 重 要 。
在 目 前 超 音 速 的 運 輸 時 代 ， 三 層 以 上 的 樓 宇 而 久 缺 完
4善 的 垂 直 運 輸 系 統 ， 顯 然 不 合 時 宜 。 同 時 ， 本 地 的 地 產 界
人 士 己 充 分 體 會 到 ， 如 升 降 機 組 合 超 量 ， 則 不 獨 特 大 大 增
加 大 廈 之 成 本 ， 更 將 增 加 其 長 期 性 的 經 常 開 支 ； 反 之 ， 如
升 降 機 之 組 合 欠 足 ， 又 將 大 大 增 長 人 龍 ， 減 少 升 降 機 的 班
次 ， 使 租 值 大 打 折 扣 。
目 前 升 降 機 行 業 對 升 降 機 的 組 合 ， 各 公 司 都 有 傳 統 的
選 擇 方 法 。 對 住 宅 樓 宇 ， 己 有 足 夠 實 例 以 為 參 考 之 根 據 ；
對 一 般 商 用 樓 宇 ， 或 用 圖 表 ， 或 用 統 計 表 ， 或 用 人 工 模 擬
法 ， 既 費 時 、 單 調 、 更 乏 準 繩 。 如 遇 較 複 雜 商 業 大 廈 ， 則
升 降 機 組 合 的 選 擇 ， 即 大 費 躊 躇 。 據 接 近 本 地 升 降 機 行 業
5人 士 透 露 ， 由 於 本 港 欠 缺 電 算 機 計 算 程 序 ， 故 常 須 向 總 公
司 請 示 ， 如 友 邦 行 ， 合 和 大 廈 等 是 。
據 實 地 調 查 和 觀 察 所 得 ， 香 港 一 般 住 宅 樓 宇 及 酒 店 的
升 降 機 ， 在 穩 定 交 通 情 況 下 ， 人 龍 可 說 絕 無 僅 有 ， 此 點 顯
示 升 降 機 組 合 有 超 量 的 傾 向 。 但 仍 有 若 干 一 流 酒 店 或 商 業
大 廈 ， 尤 其 高 層 上 有 酒 樓 或 餐 廳 、 會 議 室 、 研 討 室 者 ， 在
午 膳 前 後 ， 或 會 議 前 後 ， 升 降 機 常 出 現 擠 擁 情 況 ， 顯 示 升
降 機 的 組 合 欠 足 。 更 有 若 干 商 業 大 廈 ， 在 早 晨 上 班 時 間 ，
擁 塞 情 形 更 甚 。 故 研 究 升 降 機 的 組 合 ， 必 須 在 垂 直 交 通 最
繁 忙 的 時 間 著 手 。
6據 實 地 調 查 和 觀 察 所 得 ， 本 港 商 業 大 廈 升 降 機 的 組 合
有 下 列 共 通 點 ：
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( 眣 ) 每 層 樓 宇 最 少 有 兩 部 升 降 機 可 達 。




( 昡 ) 服 務 於 同 一 機 構 之 人 士 ， 上 班 時 間 或 有 遲 早 之 分 ，
45
7由 於 運 籌 學 的 行 列 模 型 和 升 降 機 的 實 際 操 作 程 序 極 為
相 似 ， 用 以 研 究 升 降 機 的 組 合 搭 配 ， 可 收 事 半 功 倍 之 效 。
從 行 列 模 型 的 研 究 中 ， 可 以 發 現 升 降 機 的 組 合 具 有 下 列 五
大 特 色 ：
( 樅 ) 乘 客 到 達 情 形 。
( 眣 ) 行 列 形 式 、 人 龍 數 目 、 與 組 合 之 關 係 。
( 梡 ) 行 列 規 律 ： 即 乘 客 對 行 列 之 選 擇 情 形 。
( 間 ) 服 務 規 律 ： 即 先 入 先 出 、 或 後 入 先 出 等 。
( 昡 ) 服 務 方 法 ： 組 合 、 班 次 及 控 制 等 問 題 。
為 求 對 升 降 機 組 合 之 選 擇 得 以 順 利 估 計 ， 對 升 降 機 組
8合 之 單 獨 研 究 ， 實 有 略 為 介 紹 之 必 要 。 升 降 機 之 載 量 、 升
降 機 之 速 度 、 加 速 與 乘 客 舒 適 感 之 反 應 、 升 降 機 每 程 可 達
層 數 之 或 然 率 、 升 程 時 間 之 剖 解 、 降 程 時 間 之 認 識 、 升 降
機 到 達 之 相 隔 時 間 、 五 分 鐘 內 乘 客 之 總 載 量 、 服 務 品 質 之
分 析 等 ， 都 是 以 左 右 升 降 機 組 合 之 選 擇 。
根 據 上 列 各 種 因 素 ， 可 知 升 降 機 組 合 之 選 擇 ， 如 用 人
工 模 擬 法 ， 實 有 掛 一 漏 萬 之 弊 。 為 求 對 升 降 機 組 合 之 搭 配
能 以 統 籌 兼 顧 ， 勢 須 借 助 電 算 機 來 模 擬 各 升 降 機 系 統 之 組
合 。 首 先 ， 寫 出 電 算 程 序 ， 以 模 擬 一 所 廿 層 高 之 辦 公 大 廈
升 降 機 系 統 ， 討 算 出 各 組 合 的 服 務 品 質 情 況 ， 及 升 降 機 班
9次 之 頻 密 程 度 ， 利 用 強 制 法 ， 使 組 合 較 差 的 首 先 消 去 ； 其
次 ， 把 服 務 品 質 條 件 欠 佳 或 過 高 、 班 次 密 度 較 低 或 過 密 的
升 降 機 組 合 ， 相 繼 刪 去 。 再 次 ， 利 用 選 優 法 ， 選 出 數 個 佔
地 最 少 的 升 降 機 組 合 ， 其 中 速 度 最 低 的 便 是 最 合 經 濟 原 則
的 升 降 機 組 合 。
利 用 上 項 原 理 ， 一 所 大 廈 內 升 降 機 的 各 種 分 區 法 ， 亦
可 一 一 模 擬 。 在 這 個 模 型 裡 ， 電 算 機 計 算 的 結 果 ， 共 分 八
組 列 出 。 此 等 結 果 ， 與 本 地 某 大 廈 的 升 降 機 組 合 極 其 相 近
， 證 明 電 算 機 的 模 擬 模 型 ， 確 有 其 實 用 價 值 。
此 一 模 擬 模 型 的 成 功 ， 產 生 了 極 大 的 鼓 舞 作 用 。 於 是
10
作 者 乃 對 其 他 世 界 升 地 升 降 機 的 模 擬 研 究 ， 加 以 追 查 。 曾
先 後 探 討 運 籌 學 上 多 條 通 路 無 限 行 列 模 型 的 理 論 ， 紐 約 世
界 貿 易 中 心 之 升 降 機 組 合 研 究 ， 加 州 大 學 對 升 降 機 組 合 之
研 究 ， 及 美 國 威 士 汀 研 究 所 之 研 究 等 。
60
仍 用 前 此 的 強 制 法 和 選 優 法 ， 把 升 降 機 的 組 合 一 一 列 出
。 但 是 ， 由 於 組 合 太 多 ， 選 擇 不 易 ， 結 果 還 是 用 濃 縮 法 把
精 要 的 組 合 選 出 ， 共 分 八 組 。 其 最 後 的 選 擇 ， 則 視 工 程 師
、 建 築 師 及 地 產 投 資 者 三 方 面 根 據 建 築 特 色 及 經 濟 原 則 加
以 決 定 。
11
此 一 電 算 程 序 ， 利 用 多 條 通 路 無 限 行 列 模 型 理 論 ， 相
繼 計 算 出 平 均 人 龍 的 長 度 、 乘 客 平 均 等 候 的 時 間 、 在 升 降
機 系 統 中 的 平 均 人 數 及 平 均 時 間 ， 以 及 沒 有 人 龍 的 或 然 率
等 。 此 等 結 果 ， 使 設 計 升 降 機 組 合 者 對 人 龍 和 時 間 方 面 ，
都 有 密 切 的 暸 解 ， 因 而 大 大 增 強 設 計 的 信 念 ， 且 對 地 產 界
及 升 降 機 行 業 亦 有 所 交 待 。
根 據 運 籌 學 的 研 究 結 果 ， 上 述 多 條 通 路 無 限 行 列 模 型
的 模 擬 ， 僅 足 以 應 付 升 降 機 交 通 在 穩 定 情 況 下 的 平 均 表 現
。 至 於 在 緊 急 情 況 下 的 最 高 表 現 或 最 壞 打 算 ， 相 信 要 用 模
擬 技 巧 ， 模 擬 語 文 ， 再 用 隨 機 性 的 乘 客 到 達 情 形 及 服 務 規
12
律 、 服 務 方 法 等 ， 把 最 長 人 龍 、 最 久 等 候 時 間 等 的 或 然 率
算 出 ， 始 能 有 效 。 然 而 這 些 已 超 出 本 文 的 研 究 範 圍 ， 只 有
留 待 異 日 而 已


